BELT FOR BENDING A GLASS SHEET, 
AND METHOD AND APPARATUS FOR BENDING A GLASS SHEET 

USING THE SAME 

5 FIELD OF THE INVENTION 

The present invention relates to a belt for bending glass sheets and to r 
a method for bending a glass sheet using the same. 

BACKGROUND OF THE INVENTION 

10 Bent glass sheets are widely used for vehicles and buildings, and 

especially in the field of window glass for vehicles, there is a great demand for 
bent glass sheets due to design and aerodynamic considerations. Flat glass 
sheets that have been mass-produced by the float process are formed into bent 
glass sheets in a secondary process, for which a number of industrial methods 

15 are known. Moreover, if the glass sheets are heated for the bending step, 
they often are quenched afterwards to temper them. 

Press molds are used in most of the methods for bending glass sheets 
that have been suggested so far. However, during the forming step in these 
methods for bending glass sheets by press forming, the glass sheets have to be 

20 temporarily stopped in the press mold. 

With regard to the manufacturing efficiency of continuous production 
of bent glass sheets, methods have been proposed wherein the glass sheets are 
bent without stopping them on the manufacturing line. In some of these 
methods, the glass sheets are heated and softened inside a furnace while 

25 conveying them horizontally, and each of the glass sheets is gradually adapted 
to the surface form of a glass conveying means, for example an airbed, using 
the glass sheet's own weight (sag bending). These methods are very efficient 
for continuous production of glass sheets having the same curved surface 
shape, and have been employed with various improvements (see for example 

30 Publication of Unexamined Japanese Patent Application No. Hei 7-237928). 

Moreover, Publication of Unexamined Japanese Patent Application No. 
Sho 55-75930 discloses a method wherein a glass conveying passage having a 
curvature is set up in continuation to the carry-out opening of the furnace, 
and the glass sheets are bent while being conveyed by rollers along this 

35 conveyer passage. Compared to the method using the glass sheet's own 

weight, this method has a better heating efficiency and the shape of the glass 
sheets can be exchanged easier. 
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Other methods have been proposed, wherein, while conveying the 
glass sheets with rollers, the glass sheets are bent not only in the direction in 
which they are conveyed, but also in the direction that is perpendicular to the 
conveying direction (referred to as "cross direction" in the following). 
5 For example, Publication of Unexamined Japanese Patent Application 

No. Hei 3-174334 proposes a method, wherein rollers made of an elastic body 
are arranged above and below the glass sheets, and by applying a stress onto 
these roller pairs from the outside, the glass sheets are bent also in the cross 
direction. Roller pairs for bending glass sheets in a cross direction or for 

10 conveying glass sheets that have been bent in the cross direction are disclosed 
for example in Publication of Unexamined Japanese Patent Application No. 
Sho 54-85217 and No. Sho 55-75930. 

However, in methods wherein the glass sheets are bent by rollers that 
are arranged above and below the conveyer passage, the surfaces of the glass 

15 sheets are pressed locally. Consequently, there is the problem that roller 
marks can appear easily on the surfaces of the glass sheets. Moreover, in 
intermittent bending with rollers, there is the problem that the freedom and 
precision with which the glass sheets can be formed are not sufficient. When 
bending with rollers, the glass sheets are bent while being suspended between 

20 the rollers. Therefore, it is difficult to attain the desired curved shape at the 
front end and the rear end in the conveying direction of the glass sheet. 
Moreover, when bending the glass sheets with rollers that are arched by 
elastic deformation, it is difficult to obtain precisely the desired curved shape. 
Methods have been proposed, wherein the glass sheets are bent while 

25 contacting not rollers but a belt. For example, Publication of Unexamined 
Japanese Patent Application No. Hei 3-50132 discloses a method wherein a 
glass sheet is carried out of a furnace, conveyed by a belt to a pressing position, 
and,press-formed together with the belt. This method takes advantage of the 
belt's flexibility to reduce the glass sheet's temperature decrease between 

30 heating and quenching. That is, the glass sheet is bent while it contacts the 
belt, and it is also quenched in this situation. Furthermore, Publication of 
Unexamined Japanese Patent Application No. Hei 2-221133 and No. Hei 6- 
40732 propose methods for bending and tempering glass sheets that are 
improvements of this method. 

35 However, in the methods for bending the glass sheets by pressing 

them together with a belt, each of the glass sheets has to be temporarily 
stopped, so that there is still room for improvement regarding the 
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manufacturing efficiency. Moreover, Publication of Unexamined Japanese 
Patent Application No. 3-50132 discusses the thermal conductivity of the belt 
in detail, but makes no mention of the defects in the surface of the glass sheet 
that occur duetto the contact with the belt. 
5 Thus, regarding these methods for bending a glass sheet while 

contacting it with a member using a glass conveyer means such as a rollers ov r 
a belt, there has still not been enough research concerning the defects on the 
surface of the glass sheet that occur due to the contact with the member, 
although these defects have a considerable influence on the final product 
10 quality of the bent glass sheet. 

SUMMARY OF THE INVENTION 

It is an object of the present invention, which has been conceived upon 
consideration of these circumstances, to provide a belt for bending a glass 

15 sheet that suppresses defects in the surface of the bent glass sheet. It is 

another object of the present invention to provide a method for bending a glass 
sheet with high manufacturing efficiency using this belt. 

In order to achieve these objects, a first belt for bending a heated glass 
sheet having a heat-resistant surface for pressing a surface of the glass sheet 

20 comprises a strip of a heat-resistant member for forming the heat-resistant 
surface. The heat-resistant member is arranged so that the heat-resistant 
surface defines an endless track and end surfaces of the heat-resistant 
member are not exposed at the heat-resistant surface. 

It is preferable that in this belt, (a) two end surfaces of the heat- 

25 resistant member, (b) two bent portions formed by folding the two end 

surfaces from an outer periphery of the endless track to an inner periphery of 
the endless track, or (c) one end surface of the heat-resistant member and one 
bent portion formed by folding the other end surface from an outer periphery 
of the endless track to an inner periphery of the endless track oppose each 

30 other on the endless track. 

In this technical field, conventional belts are formed into loop-shape 
by simply overlapping the belt ends and joining the ends together. When the 
bending is performed using a belt instead of rollers, defects on the surfaces of 
the glass sheets can be reduced. However, there was the possibility that the 

35 step portion formed by the local overlap of the belt ends caused a defect in the 
surfaces of the glass sheets. In contrast, the inventive belt eliminates the 
local pressure difference applied to the surface of the glass sheet by 
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eliminating this step portion. 

A second belt for bending a heated glass sheet having a heat-resistant 
surface for pressing a surface of the glass sheet also comprises a strip of a 
heat-resistant member for forming the heat-resistant surface and the heat- 
5 resistant member is arranged so that the heat-resistant surface defines an 
endless track. This heat-resistant member has fitting portions arranged 
along a pair of side-edges of the endless track. 

In this technical field, conventional belts are used while applying a 
tensional force only in the conveying direction of the glass sheet. However, 

10 these belts may be deformed or become wavy during the bending of the glass 
sheet, which causes defects in the surface of the glass sheet. In contrast, a 
tensional force is applied in the cross direction of the inventive belt, so that 
the surface of the belt is stabilized. 

A method for bending a glass sheet in accordance with the present 

15 invention comprises bending a heated glass sheet by pressing the heat- 
resistant surface of the inventive belt against the glass sheet, while rotating 
the belt along the endless track and conveying the glass sheet along a portion 
of the endless track. With this method, bent glass sheets with suppressed 
surface defects can be manufactured with high efficiency. 

20 It is preferable that the glass sheet is bent at least in a direction that 

is perpendicular to said endless track. If a belt having fitting portions is used, 
it is preferable that the belt is rotated using rollers that have members that fit 
into the fitting portions. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of a first embodiment of the belt for 
bending glass sheets according to the present invention. 

Fig. 2 is a perspective view illustrating the configuration of the belt of 

Fig. 1. 

30 Figs. 3A to 3D illustrate cross sectional views in steps of a method for 

manufacturing the belt shown in Fig. 1. 

Fig. 4 is a perspective view of another example of a belt for bending 
glass sheets in accordance with the present invention. 

Fig. 5 is a perspective view of yet another example of a belt for 
35 bending glass sheets in accordance with the present invention. 

Fig. 6 is a partial perspective view also of another belt for bending 
glass sheets in accordance with the present invention. 
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Fig. 7 is a partial perspective view showing the belt in Fig. 6 in use. 

Fig. 8 is a partial perspective view also of yet another belt for bending 
glass sheets in accordance with the present invention. 

Fig. 9 is a cross-sectional view showing an embodiment of an 
5 apparatus for implementing the manufacturing method of the present 
invention. 

Fig. 10 is a cross-sectional view showing a magnification of the 
bending device of the manufacturing apparatus shown in Fig. 9. 

Fig. 11 is a perspective view showing an embodiment of the form 

10 block. 

Figs. 12A to 12C are cross-sectional views of the form block in Fig. 11 
taken along lines A- A, B-B and C-C respectively. 

Fig. 13 is a cross-sectional view showing another embodiment of an 
apparatus for performing the manufacturing method of the present invention. 
15 Fig. 14 is a cross-sectional view showing another embodiment of a 

bending device. 

Fig. 15 is a perspective view showing a conventional belt used for 
bending glass sheets. 

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The following is a more detailed explanation of the preferred 
embodiments of the present invention with reference to the accompanying 
drawings. 
First Embodiment 

25 Fig. 1 is a perspective view of a first embodiment of the belt for 

bending glass sheets according to the present invention. Fig. 2 is a 
perspective view illustrating the configuration of the belt of Fig. 1. This belt 
is formed by taking a strip of heat-resistant member 1, opposing the two bent 
portions 2, that are formed by folding the two longitudinal ends of the heat- 

30 resistant member 1 inside, and joining the two bent portions 2 together, so as 
to form one loop. 

The heat-resistant member 1 is sewed together with a heat-resistant 
material 5 at a connecting portion 7 where the two bent portions 2 contact 
each other. Moreover, the inner portion and the outer portion of the heat- 
35 resistant member 1 are similarly sewed together in the belt's cross direction 
with heat-resistant materials 6, the number and intervals of which depend on 
the circumference of the belt. The belt is sewed together like this and steps 
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due to overlapping belt portions on the circumferential surface of the belt, 
which comes in contact with the heated glass sheet, can be eliminated. 

For comparison, Fig. 15 shows a conventional belt configuration that 
is in widespread use for conveying glass sheets. This belt is formed by simply 
5 overlapping both ends of a heat resistant member 101 and joining them 

together. Therefore, one end portion 102 of the heat resistant member 101 is 
exposed on the outer surface of the belt, and causes a step in the belt surface. 

When the belt in Fig. 15 is used only as a conveying belt, the step in 
the surface does not pose a large problem in terms of causing defects in the 
10 glass sheets. However, if this belt is a forming belt used for bending a glass 
sheet into a predetermined form by being pressed onto the heated glass sheet 
surface, the step in the belt surface causes defects in the surface of the glass 
sheet. 

In the surface of the belt of Fig. 1, there is a slight indentation, 

15 because the heat resistant member is tucked into the connecting portions 7. 
However, in a secondary step, the glass sheet is usually heated to a 
temperature where it is deformed when being pressed, but it is not heated to a 
temperature where it softens enough to intrude into these tiny indentations. 
Therefore, in practice, this slight indentation in the connecting portion 7 does 

20 not cause any defects in the surface of the glass sheet. 

In the present embodiment, the two bent portions of the belt are 
fastened together. However, the present invention is not limited to this 
configuration, and it is also possible that the bent portions are not fastened 
together but oppose each other. 

25 There will be no defects in the surface of the glass sheet caused by the 

discontinuity in the junction portion, if the space between the bent portions in 
the junction portion is not more than about 3mm. This has been verified 
using the continuous bending device for bending glass sheets discussed below. 
On the other hand, it has also been further verified that defects occur on the 

30 glass surface, even if there are only small protrusions (overlaps) on the belt 
surface. 

In the belt according to the present embodiment, the ends 3 of the 
inwardly folded heat-resistant member go around substantially half-way 
along the circumference of the member, and oppose each other substantially at 
35 the opposite of the connecting portion 7. This opposing portion 8 does not 
have to be at the same position as the connecting portion 7. Also in the 
opposing portion 8, the ends of the heat-resistant member do not overlap each 
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other. Thus, the belt of the present embodiment has substantially the same 
thickness all along its circumference. Consequently, a glass sheet can be 
bent with a more uniform pressure. If the belt is for example a double 
layered heat-resistant fabric with about 0.5mm thickness, it is preferable that 
5 the space between the end surfaces in the opposing portion 8 is not more than 
5mm. 

Figs. 3A to 3D illustrates an example of a method for manufacturing 
such a belt. First, a strip of heat-resistant member 1 with a predetermined 
length is provided. The heat-resistant member 1 is folded at its center in the 

10 longitudinal direction (Fig. 3A). Then, the folded heat-resistant member 1 is 
sewn together with a heat-resistant thread 5 near the center in the 
longitudinal direction of the heat-resistant member 1, and a loop having about 
half the perimeter of the entire length of the heat-resistant member 1 is 
formed (Fig. 3B). Then, the belt-shaped portions of the heat-resistant 

15 member 1 are fitted along the outer circumference of this loop, and the inner 
portion and the outer portion of the heat-resistant member 1 are sewn 
together with a heat-resistant thread 6 at as many places as is necessary to 
maintain a necessary strength (Fig. 3C). Finally, the outer surface and the 
inner surface of the loop are turned inside out, so that the inner portion and 

20 the outer portion of the heat-resistant member 1 change places (Fig. 3D). 

With the method shown in Fig. 3, a belt for bending glass sheets in 
accordance with the present embodiment can be easily manufactured using 
only machinery that is in general use, such as a sewing machine, and without 
any special machinery or technology. 

25 Outside this technical field (for example for copying machines), 

techniques are known for making loops where the ends themselves have been 
eliminated, for example by special processes such as weaving a sleeve. 
However, for bending glass sheets, it is not necessary to employ costly special 
weaving processes, and the objects of the present invention can be easily 

30 achieved by arranging the end surfaces of a belt-shaped heat-resistant 

member in a manner that they are not exposed on the surface as described 
above. 

Second Embodiment 

35 Fig. 4 is a perspective view of an example of another belt for bending 

glass sheets in accordance with the present invention. This belt differs from 
the belt in the first embodiment in that its thickness is that of three layers of 



7 



the heat-resistant member 1 for substantially its entire circumference, 
whereas the thickness of the belt of the first embodiment is that of two layers 
of the heat-resistant member 1. However, what is the same as in the belt of 
the first embodiment is that while the belt-shaped heat-resistant member 1 
5 forms a heat-resistant surface that defines an endless track for bending glass 
sheets, two bent portions are formed by folding the heat-resistant member 
inwards, and these bent portions are sewn together. 

As the belt of the first embodiment, this belt can be used as a belt for 
forming glass sheets wherein defects on the surface of the glass sheets are 

10 suppressed. Moreover, it can be easily manufactured by sewing with heat- 
resistant materials 5 and 6, as shown in Fig. 3. 

In the belt of Fig. 4, the heat-resistant member 1 is arranged in a 
manner that the ends of the heat-resistant member do not overlap on the 
inside, and the belt has a substantially uniform thickness over the entire 

15 circumference. 

To be specific, in the present embodiment, the heat-resistant member 
can be made of a heat-resistant woven fabric, a heat-resistant non-woven 
fabric, a heat-resistant felt or a heat-resistant mesh material. However, the 
heat-resistant member does not have to be limited to these materials, as long 

20 as it has enough heat-resistance to be used at temperatures used for the 
bending of glass sheets (about 550 to 700°C glass sheet temperature) and 
enough smoothness so that it does not inflict defects to the surface of the glass 
sheet. 

As a heat-resistant material for sewing the heat-resistant member, 
25 heat-resistant metal fibers, inorganic fibers, glass fibers, carbon fibers, or 

organic heat-resistant fibers (for example, aramid fibers) can be used alone or 
in combination. These materials, if plainly woven, twilled, knitted or felted, 
can also be used for the heat-resistant material. 

Moreover, in the above two embodiments, the junction was performed 
30 by sewing. However, the present invention is not limited to sewing, and the 
junction can also be formed by gluing, fusing or welding. 

Third Embodiment 

Fig. 5 is a perspective view of an example of yet another belt for 
35 bending glass sheets in accordance with the present invention. This belt 

comprises two strip-members that are arranged so that their longitudinal end 
surfaces oppose each other, and these members together form one loop. As is 
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shown in Fig. 5, the position where the end surfaces of the outside heat- 
resistant member 11 oppose each other is at a different position than the 
portion where the end surfaces of the inside supporting member 14 oppose 
each other. 

5 As can be seen from Fig. 5, the forming belt is made by joining the two 

members 11 and 14 together. As in the preceding two examples, steps due to' 
overlapping of the belt can be eliminated, because the end surfaces of the 
heat-resistant member 11 are not exposed on the outer surface of the belt. 

Also in this embodiment, the above-mentioned materials can be used 

10 for the heat-resistant members. The same materials can be used for the 
supporting member as well, but other materials can also be used, as long as 
they can maintain heat-resistance in the above mentioned temperature range 
used for bending glass. While there is no particular restriction, it is 
appropriate to used a heat-resistant felt for the heat-resistant member and a 

15 felt or a woven fabric for the supporting member. 

Because the supporting member 14 is arranged substantially all along 
the inner circumference, this belt as well has substantially the same thickness 
along its entire circumference. Also for this belt, it is preferable that the 
space in the opposing portion 12 of the heat-resistant member is not more 

20 than about 3mm, and the space in the opposing portion 13 of the supporting 
member is not more than about 5mm, if for example a dual structure with a 
heat-resistant felt of about 2mm thickness is used. 

Moreover, as in the above embodiments, there is no particular 
limitation to sewing the junction between the heat-resistant member and the 

25 supporting member, as long as the objects of the present invention are 
attained. 

In the belt as described in the above first to third embodiments, 
defects in the surface of the formed glass sheet are suppressed, because the 
longitudinal ends of the belt-shaped heat-resistant member are not exposed 
30 on the surface of the belt, and the outer surface is formed flush in the 
circumferential direction forming an endless track. In the fourth 
embodiment, a belt is explained wherein deformations during the contact with 
the glass sheet are prevented, so as to suppress defects in the surface of the 
glass sheet even better. 

35 

Fourth Embodiment 

Fig. 6 is a partial perspective view also showing a partial perspective 
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view of a belt in accordance with this embodiment. As is shown in Fig. 6, a 
fitting portion 23 having a trapezoid cross-section (V-ribbed guide) is attached 
to a side of the heat-resistant member 31. 

As is shown in Fig. 7, the belt has a pair of V-ribbed guides along side- 
5 edges of its surface. A roller 21 having a pair of trapezoid cross-section 

grooves 24 on its outer surface (V-grooved pulley) is used for driving the belt. 
By fitting the V-ribbed guides 23 with the Vgrooves 24, it is possible to drive 
the belt while controlling its width. 

Compared to a belt that is used simply for conveyance, the reactive 
10 forces from the surface of the glass sheet to the belt are large, when the belt is 
used as a forming belt, so that variations in the direction of the belt width 
occur easily. Thus, the glass sheet is not pressed uniformly, and in extreme 
cases, the belt becomes wavy and causes defects in the surface of the glass 
sheet. 

15 Moreover, if used as a forming belt, the belt is pressed onto a glass 

sheet that is heated to a comparatively high temperature, so that non-uniform 
contact between the belt and the glass sheet tends to make the temperature 
distribution on the belt surface more pronounced. A large temperature 
distribution can lead to partial extensions and contractions or hardening of 

20 the belt, and typically can lead to defects in the belt surface that occur as 
"wrinkles", parallel to the (circumferential) travelling direction, when the 
tension in the cross direction is weak. The defects in the belt surface are 
transferred to the glass sheet, thereby lowering the quality of the bent glass 
sheet. Such a lowering of the product quality can be observed for example by 

25 a rise of the haze ratio in the glass sheet. 

However, using a belt having fitting portions such as the V-ribbed 
guides 23, the belt can be rotated while applying a tension in both the 
circumferential direction and the cross direction. Consequently, the belt can 
be pressed onto the surface of the glass sheet in a stable manner and without 

30 wrinkles, and defects on the belt surface due to the temperature distribution 
can be avoided. 

Possible fitting portions for the belt are not limited to V-ribbed guides, 
and there is no particular limitation to their shape, as long as they can restrict 
the movement and the deformation of the belt. In particular, it is also 
35 possible to attach a timing guide 25, as shown in Fig. 8, for example. When a 
pulley fitting with the guides 25 is used as a roller, the friction between the 
belt and the rollers can be increased, so that, as above, surface defects on the 
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belt can be avoided effectively. 

In the present embodiment, as in the preceding embodiments, the 
heat-resistant member can be made of a heat-resistant woven fabric, a heat- 
resistant non-woven fabric, a heat-resistant felt or a heat-resistant mesh 
5 material. However, the heat-resistant member does not have to be limited to 
these materials, as long as it is heat-resistant at temperatures used for the 
bending of glass sheets (about 500 to 700°C) and has enough smoothness so 
that it does not impart defects to the surface of the glass sheet. 

Furthermore, there is no particular limitation concerning the method 
10 with which the guides are attached to the heat-resistant member, and this can 
be done for example by sewing, gluing, fusing or welding. 

Moreover, also in this embodiment, it is preferable that the ends of the 
heat-resistant member are arranged as in the above first to third 
embodiments, and it is preferable to provide the fitting portions of the present 
15 embodiment to the first to third embodiments as well. 

Fifth Embodiment 

The following is an explanation of a method for manufacturing a bent 

glass sheet using a belt for bending glass sheets as described above. In this 
20 method, a heated glass sheet is bent while being conveyed, and a belt 

according to any of the above four embodiments can be applied to this method. 
Fig. 9 is a cross-sectional view showing an embodiment of an 

apparatus for implementing this method. As is shown in Fig. 9, this . 

manufacturing apparatus is installed along a glass conveying passage 44, and 
25 comprises a furnace 41, a bending device 42, and a quenching device 43. 

Inside the furnace 41, the glass conveying passage 44 is substantially 

horizontal; in the bending device 42, it tilts gradually upwards; and in the 

quenching device 43, it describes a curve having a certain curvature radius Rj. 
Fig. 10 is a cross-sectional view showing a magnification of the 
30 bending device 42 of the apparatus shown in Fig. 9. As is shown in Fig. 10, in 

this bending device, press rollers 47 are arranged below the glass conveying 

passage 44, and a form block 46 is arranged above the glass conveying 

passage 44. 

The bending device comprises a belt 45 for bending glass sheets (also 
35 referred to as "heat-resistant belt" in the following). A portion of the heat- 
resistant belt 45 is arranged along the glass conveying passage 44, between 
the glass conveying passage 44 and the form block 46. 



11 



CD 
LU 
CP 



CO 



The heat-resistant belt 45 is suspended as a loop by the rollers 51, 52 
etc. and the form block 46, and describes an endless track. The rollers 
include a driving roller 51 and a tension roller 52. The driving roller 51 is 
connected to a driving mechanism (not shown in the drawing). By adjusting 
5 the position of the tension roller 52, the tension of the heat-resistant belt 45 
can be maintained at an appropriate level. Moreover, belt temperature 
adjustment devices 55 are arranged on both sides of the endless track of the 
heat-resistant belt 45. The temperature of the heat-resistant belt 45 can be 
adjusted to an appropriate range for bending glass sheets by heating and 
10 cooling with the belt temperature adjustment devices 55. 

If the heat-resistant belt 45 comprises fitting portions to prevent 
shifting or deforming of the belt, as explained in the fourth embodiment, 
rollers are used that have members that fit into these fitting portions. In 
this case, it is not necessary that all rollers have these fitting members, but it 
15 is preferable that a plurality of rollers including the two rollers 53 and 54 that 
are the closest to the glass conveying passage 44 and/or the driving roller 51 
have fitting members. 

As is shown in Fig. 10, a portion of the surface of the form block 46 
contacts the endless track defined by the heat-resistant belt 45, and this 
20 portion faces the glass conveying passage 44. The surface of the form block 
46 that faces the glass conveying passage 44 is pressed onto the glass sheet 
and functions as the forming face for bending the glass sheet. As a material 
for forming the block 46, various kinds of metals or ceramics can be used. 
The form block 46 can be made of one piece as shown in Fig. 10, but it also can 
25 be assembled of several separate members. 

Fig. 11 is a perspective view showing the forming face 61 of an 
embodiment of the form block from below. Figs. 12A to 12C are cross- 
sectional drawings of the form block 46 in Fig. 11, taken along the lines A-A, 
B-B, and C-C, respectively. Near the line of first contact 62, where the glass 
30 sheet contacts the form block 46 first, the forming face 61 is flat (Fig. 12A). 
Proceeding in conveying direction of the glass conveying passage 44, the 
forming face 61 bends gradually (Fig. 12B). Near the line of last contact 63, 
where the glass sheet separates from the form block 46, the forming face 61 
applies to the glass sheet a predetermined curved shape in the cross direction 
35 of the glass sheet (Fig. 12C). The curved shape of the forming face 61 shown 
in Fig. 12C will be the shape that is applied to the glass sheet in the cross 
direction. This curved shape can have for example a predetermined 
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curvature radius R-,, or it can be for example an arch with an eccentric vertex. 

As is shown in Figs. 11 and 12, near the line of first contact, the 
forming face 61 is parallel to the direction in which the glass sheet is conveyed 
from the furnace (horizontal direction). Proceeding in the conveying 
direction, the forming face can gradually tilt upwards so that the forming face 

r 

61 has substantially the same curvature radius Ri as the glass conveying 
passage inside the quenching device near the line of last contact, 

It is preferable that a heater is attached to the form block 46. Thus, 
the form block can be kept, like the belt, at a temperature that is appropriate 
for bending glass, and the glass sheet can be formed accurately from the 
initial stage in a continuous production. 

As is shown in Fig. 10, the press rollers 47 are arranged along the 
lower side of the conveyer passage 44. The purpose of these press rollers 47 
is to press the glass sheet against the form block 46, while it is travelling 
along the conveyer passage 44. Like the heat-resistant belt, the surface of 
the press rollers 47 is made of a heat-resistant material. It is preferable that 
a material such as felt is used that cushions the glass sheet. Furthermore, 
the press rollers 71, 72 etc. are non-driven rollers (free rollers) that rotate 
with little external force. It is of course also possible to connect the press 
rollers 47 to a driving mechanism to rotate them with the rotational velocity 
that is necessary to convey the glass sheet. 

The number of press rollers 47 can be determined in accordance with 
the desired curved shape for the glass sheet, but in general, at least two 
rollers are necessary. It is preferable to provide at least five rollers. 

For the rollers 71, 72 etc., a rod can be used that is made, for example, 
of an elastic body to which a supporting member for supporting the glass sheet 
has been attached. For this supporting member, a plurality of disk-shaped or 
cylindrical flexible sleeves can be used, for example. Furthermore, the 
rollers do not have to be formed of one body, and it is also possible to use a 
plurality of rollers across the cross direction of the glass sheet. 

For the furnace 41, a conventional device can be used. There is no 
particular limitation concerning the glass conveying means inside the furnace 
41, but considering heating efficiency, rollers 81 are preferable. 

Inside the quenching device 43, the glass conveying passage has a 
curvature radius R 1( which is the curvature radius that has been applied to 
the glass sheet in the conveying direction. Conveying rollers 83 are arranged 
above and below the glass conveying passage (see Fig. 10). For the conveying 
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rollers 83, roller pairs are used that have the same curved shape in the cross 
direction as the curved shape that has been applied to the glass sheet. The 
glass sheet is conveyed while being sandwiched by these roller pairs. 
Moreover, nozzles for blowing cool air (not shown in the drawings) are 

5 arranged along the glass conveying passage 44. This is to obtain quenched 
tempered glass. But it is also possible to slowly cool (anneal) the curved glass, 
while conveying it along the conveyer passage, without blowing cool air onto it. 
Moreover, further downstream the quenching device 43, a converter can be 
arranged that modifies the conveying direction of the glass sheet into a 

10 predetermined (for example, horizontal) direction. 

The following is an example of the method for manufacturing a curved 
glass sheet using the above-described apparatus. A glass sheet 40 made of 
soda-lime silicate glass is heated in a furnace 41 to a temperature near its 
softening point (for example to a temperature between the strain point and 

15 the softening point), while conveying rollers 81 inside the furnace 41 convey it 
in a horizontal direction, and is released in a formable state in a horizontal 
direction through a carry-out opening 82 of the furnace 41. When the glass 
sheet 40 is inserted into the bending device 42, it is sandwiched between the 
first press roller 71, which is located at the most upstream position, and the 

20 form block 46. The roller 71 presses the glass sheet 40 against the form block 
46 through the above-described heat-resistant belt 45. 

The heat-resistant belt 45 travels downstream in the glass conveying 
direction while sliding along the forming face, and guides the glass sheet 40 
downstream. Then, the front end of the glass sheet 40 reaches the second 

25 press roller 72, as is shown in Fig. 10. The travelling speed of the heat- 
resistant belt 5 is preferably set to a speed in the range of 80mm/sec to 
400mm/sec. At this stage, the glass sheet 40 is still substantially flat, since 
no bending has been performed yet. 

From the situation shown in Fig. 10, the glass sheet is conveyed 

30 further downstream. First, the glass sheet 40 is pressed against the form 
block 46 while the second press roller 71 slowly lifts the front end of the glass 
sheet 40 upwards. At this position, the forming face of the form block recedes 
slightly upwards, while the glass sheet is also bent slightly in the cross 
direction. As a result, the bending of the glass sheet 40 begins at this stage. 

35 During the bending, the entire upper surface of the glass sheet 40, 

which is pressed upwards by the press rollers 47, contacts the heat-resistant 
belt 45, so that the glass sheet 40 is conveyed while keeping a stable 
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orientation. 

After the glass sheet has passed through the bending region and has 
been formed into a predetermined shape, it passes a slit in the partition board 
84 and is conveyed into the quenching device. In the quenching device, the 
5 glass sheet 40 is tempered or semi-tempered by blowing cool air onto it while 
conveying it at a constant speed with the conveying rollers 83. The curved 
glass also can be annealed without quenching. 

With this method, surface defects such as roller marks, that are 
difficult to avoid with conventional methods, do not occur, and a curved glass 

10 sheet can be continuously manufactured. 

Moreover, when a belt in accordance with the first to third 
embodiments was used for the heat-resistant belt 45, surface defects in the 
glass sheet caused by steps in the junction portion of the belt could be 
eliminated. Moreover, when a belt in accordance with the fourth 

15 embodiment was used for the heat-resistant belt 45, and the glass sheet was 
bent while controlling the position and size of the belt in the cross direction, 
defects in the surface of the glass sheet caused by deformations of the belt 
surface could be eliminated. 

Curved glass sheets with a curvature radius of 1300mm in the 

20 conveying direction and a curvature radius of 50000mm in the cross direction 
were obtained. Moreover, when forming a glass sheet with a form block 
having a forming face that was unsymmetrical in the cross direction of the 
glass sheet, it was equally possible to manufacture a curved glass sheet 
efficiently without surface defects. 

25 In this embodiment, the glass sheet is bent in two directions, that is, 

the glass conveying direction and the cross direction. However, in accordance 
with the present invention, it is also possible to bend the glass sheet only in 
one of those two directions. For example, if the glass sheet is bent only in the 
cross direction of the glass sheet, the furnace 41, the bending device 42, and 

30 the quenching device 43 can be arranged along a glass conveying passage 44 
that extends in the horizontal direction, as is shown in Fig. 13. Using such 
an apparatus, the handling of the glass sheet after the bending becomes easier. 
Fig. 13 illustrates a cross-section along the center in the cross direction of the 
glass conveying passage 44. 

35 In this embodiment, only one belt was used, but the present invention 

is not limited to the use of one belt, and it is also possible to perform the 
bending using two belts 45 and 49 arranged above and below the glass 
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conveying passage 44, as shown in Fig. 14. If the glass sheet is bent while 
being sandwiched between this pair of belts, the forming freedom and surface 
shapes for the curved glass sheet can be improved even further. In this case, 
it is preferable that also the second belt 49 comprises rollers 91 including a 
driving roller 91, and a tension roller 92, and is arranged in cooperation with a 
belt temperature adjustment device 95. 

The belts of the present invention, and especially the belts having 
fitting portions are not limited to this embodiment, but as has been shown in m 
the present embodiment, these belts are particularly appropriate for a method 
for applying a curvature at least in the cross direction of the glass sheet, 
because belt shifts and belt deformations appear particularly often when 
bending in the cross direction. 

In the above methods, there is no need to stop each of the glass sheets 
for forming them; during the bending, at least one surface of the glass sheet is 
retained by the belt. Consequently, a bent glass sheet with little surface 
defects can be manufactured continuously and with high efficiency. 

The method of this invention includes any situation in which pressure 
is exerted between the belt and the glass sheet, regardless of whether the 
pressure originates from the side of the belt or the side of the glass sheet or 
the both sides. 

This invention also includes an apparatus for bending a heated glass 
sheet. The apparatus comprises a furnace for heating a glass sheet to a 
temperature where the glass sheet is changeable in shape, and a bending 
apparatus adjacent to the furnace so as to accept the glass sheet from the 
furnace and bend the glass sheet while conveying the glass sheet. The 
bending apparatus includes at least one belt of the present invention for 
pressing a surface of the glass sheet. 

The invention may be embodied in other forms without departing from 
the spirit or essential characteristics thereof. The embodiments disclosed in 
this application are to be considered in all respects as illustrative and not 
limiting. The scope of the invention is indicated by the appended claims 
rather than by the foregoing description, and all changes which come within 
the meaning and range of equivalency of the claims are intended to be 
embraced therein. 
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What is claimed is: 



1. A belt for pending a heated glass sheet having a heat-resistant surface for 
pressing a surface of the glass sheet, comprising a strip of a heat-resistant 
5 member for forming the heat-resistant surface, wherein the heat-resistant 
member is arranged so that the heat-resistant surface defines an endless 
track and end surfaces of the heat-resistant member are not exposed at the 
heat-resistant surface. 

10 2. The belt according to Claim 1, wherein (a) two end surfaces of the heat- 
resistant member, (b) two bent portions formed by folding the two end 
surfaces from an outer periphery of the endless track to an inner periphery of 
the endless track, or (c) one end surface of the heat-resistant member and one 
bent portion formed by folding the other end surface from an outer periphery 

15 of the endless track to an inner periphery of the endless track oppose each 
other on the endless track. 

3. The belt according to Claim 1, wherein two bent portions formed by 
folding the two end surfaces of the heat-resistant member from an outer 

20 periphery of the endless track to an inner periphery of the endless track 

oppose each other on the endless track, and the two end surfaces are arranged 
at the inner periphery so that the heat-resistant member has substantially 
the same thickness along substantially the entire circumference of the endless 
track. 

25 

4. The belt according to Claim 1, wherein two bent portions formed by 
folding the two end surfaces of said heat-resistant member from an outer 
periphery of said endless track to an inner periphery of the endless track 
oppose each other on said endless track, and the two end surfaces oppose each 

30 other at the inner periphery. 

5. The belt according to Claim 1, further comprising a supporting member 
arranged at an inner periphery of the endless track, wherein the heat- 
resistant member is combined with the supporting member so that two end 

35 surfaces of the heat-resistant member oppose each other on the endless track. 

6. The belt according to Claim 5, wherein two end surfaces of the supporting 
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member oppose each other at an inner periphery of said endless track. 

7. A belt for bending a heated glass sheet having a heat-resistant surface for 
pressing a surface of the glass sheet, comprising a strip of a heat-resistant 
member for forming the heat-resistant surface, wherein the heat-resistant 
member is arranged so that the heat-resistant surface defines an endless 
track; and the heat-resistant member has fitting portions arranged along a 
pair of side-edges of the endless track. 

8. A method for bending a heated glass sheet by pressing a heat-resistant 
surface of a belt against the glass sheet, the belt comprising a strip of a heat- 
resistant member for forming the heat-resistant surface, wherein the heat- 
resistant member is arranged so that the heat-resistant surface defines an 
endless track and end surfaces of the heat-resistant member are not exposed 
at the heat-resistant surface, wherein the glass sheet is bent while rotating 
the belt along the endless track and conveying the glass sheet along a portion 
of the endless track. 

9. The method according to Claim 8, wherein the glass sheet is bent at least 
in a direction that is perpendicular to the endless track. 

10. A method for bending a heated glass sheet by pressing a heat-resistant 
surface of a belt against the glass sheet, the belt comprising a strip of a heat- 
resistant member for forming the heat-resistant surface, wherein the heat- 
resistant member is arranged so that the heat-resistant surface defines an 
endless track and the heat-resistant member has fitting portions arranged 
along a pair of side-edges of the endless track, wherein the glass sheet is bent 
while rotating the belt along the endless track with a roller that comprises 
members that fit into the fitting portions of the belt, and conveying the glass 
sheet along a portion of the endless track. 

11. The method according to Claim 10, wherein the members of the roller 
engage the fitting portions of the belt . 

12. The method according to Claim 10, wherein the glass sheet is bent at 
least in a direction that is perpendicular to said endless track. 
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13. An apparatus for bending a heated glass sheet comprising: 

a furnace for heating a glass sheet to a temperature where the glass 
sheet is changeable in shape, and 

a bending apparatus adjacent to the furnace so as to accept the glass 
sheet from the furnace and bend the glass sheet while conveying the glass 
sheet, 

wherein the bending apparatus includes at least one belt that has a 
heat-resistant surface for pressing a surface of the glass sheet, and the belt 
comprises a strip of a heat-resistant member for forming the heat-resistant 
surface, 

wherein the heat-resistant member is arranged so that the heat- 
resistant surface defines an endless track and end surfaces of the heat- 
resistant member are not exposed at the heat-resistant surface. 

14. An apparatus for bending a heated glass sheet comprising: 

a furnace for heating a glass sheet to a temperature where the glass 
sheet is changeable in shape, and 

a bending apparatus adjacent to the furnace so as to accept the glass 
sheet from the furnace and bend the glass sheet while conveying the glass 
sheet, 

wherein the bending apparatus includes at least one belt that has a 
heat-resistant surface for pressing a surface of the glass sheet, and the belt 
comprises a strip of a heat-resistant member for forming the heat-resistant 
surface, 

wherein the heat-resistant member has fitting portions arranged along 
pair of side-edges of the endless track. 
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ABSTRACT 

This invention provides a belt for bending a glass sheet without 
surface defects caused by roller marks, belt junctions or belt deformations. 
A strip of heat-resistant member is joined together while the ends of the heat- 
resistant member are arranged so that they are not exposed at the surface 
defined by an endless track for bending the glass sheet. Alternatively, fitting 
portions are arranged along the endless track, and the glass sheets are bent 
while these fitting portions prevent a deformation of the belt. Bent glass 
sheets can be manufactured efficiently and without surface defects by bending 
the sheets while conveying them with such a belt. 
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sheets that are bent accurately in two -directions are further increasing in 
spite of difficulties in production thereof. 

SUMMARY OF THE INVENTION 

The inventor started to improve the bending process. Tb bend a 
glass sheet accurately to provide a desired shape, preferably the entire 
surface of at least one side of a glass sheet is supported in bending the 
glass sheet. A mold (bending member) should be prepared for this 
purpose. However, the glass sheet will be deformed as mentioned above if 
it is lifted with a member such as a ring mold, or if the glass sheet is hung 
with tongs in pressing the glass sheet against the mold. 

After keen examinations, the inventor successfully processed and 
bent a glass sheet with accuracy by pressing the glass sheet together with 
a heat-resistant belt against a mold, and prevented the glass sheet from 
being deformed even in a step of cooling thereof. The bent glass sheet of 
the present invention is not limited to what is bent with a belt, but such a 
bent glass sheet became feasible for the first time by using a belt 
well-fitting to the surface of the glass sheet and also by adapting the shape 
of the conveying passage to the shape of the bent glass sheet in a cooling 
step. 

A bent glass sheet for a vehicle window according to the present 
invention is obtained bv bending a flat glass sheet that is heated to a 
temperature between a strain point and a softening point of the flat glass 
sheet, and formed as follows. The bent glass sheet has a substantially 
uniform thickness and the main surfaces are curved surfaces. All points 
on the curved surface have a maximum curvature in the direction of one of 
the two tangent vectors (a first tangent vector) that are contacting the 
curved surface and crossing each other perpendicularly, while the same 
curved surface has a minimum curvature in the direction of the other 
tangent vector (a second tangent vector). 

The bent glass sheet according to the present invention is further 
characterized in that all the points have the substantially same maximum 
curvature. Moreover, this maximum curvature is substantially equal to a 
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curvature. Moreover, this maximum curvature is substantially equal to a 
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CLAIMS (Amendment under Article 34 (2)(b)) 

1. (AMENDED) A bent glass sheet for a vehicle window, being substantially 
uniform in thickness and comprising a main surface as a curved surface, 
5 the bend glass sheet being obtained by bending a flat glass sheet 

that is heated to a temperature between a strain point and a softening 
point of the flat glass sheet, 

all points on the curved surface having a maximum curvature in a 
direction of one of two tangent vectors that contact the curved surface and 
10 are perpendicular to each other, and having a minimum curvature in the 
direction of the other of the tangent vectors, wherein 

all the points have substantially the same maximum curvature; 

a curvature at every point on a curved line formed by crossing the 
curved surface and a flat plane including a normal vector at one point on 
15 the curved surface and a tangent vector providing the maximum curvature 
at the one point is substantially equal to the maximum curvature; and 

the minimum curvature is neither 0 nor equal to the maximum 
curvature. 

20 2. The bent glass sheet according to claim 1, wherein a curvature at 
every point on a curved line formed by crossing the curved surface and the 
flat plane comprising the normal vector at one point on the curved surface 
and the tangent vector providing the minimum curvature at the one point 
is substantially equal to the minimum curvature. 

25 

3. The bent glass sheet according to claim 1, wherein the bent glass 
sheet is tempered by quenching after heating. 

4. The bent glass sheet according to claim 1, wherein a curvature 
30 radius of the curved line as a group of points having the maximum 

curvature is no less than 500mm but less than 5000mm. 

5. The bent glass sheet according to claim 2, wherein a curvature 
radius of the curved line as a group of points having the minimum 

35 curvature is from 5000mm to 50000mm. 
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6. The bent glass sheet according to claim 1, wherein the bent glass 
sheet is obtained by- 
heating a glass sheet to a temperature at which the glass sheet 

becomes shapeable in a furnace - 
5 conveying the glass sheet from the furnace; 

pressing the glass sheet together with a belt of a heat-resistant 
material against a bending member so that the glass sheet is bent in the 
conveying direction of the glass sheet and also in a direction perpendicular 
to the conveying direction and the glass sheet has a predetermined 
10 curvature in at least the conveying direction; and 

cooling the bent glass sheet while the glass sheet is conveyed 
further on the conveying passage having the predetermined curvature. 

7. (AMENDED) A bent glass sheet for a vehicle window, the bent glass 
15 sheet being uniform in thickness and comprising a main surface as a 

curved surface, 

the bend glass sheet being obtained by bending a flat glass sheet 

that is heated to a temperature between a strain point and a softening 

point of the flat glass sheet, 
20 the main surface being a part of a curved surface formed by a 

parallel translation of a first curved line that is on a predetermined flat 

plane and convex in one direction, 

wherein in the parallel translation the first curved line is 

translated out of the flat plane so that loci of all points composing the first 
25 curved line describe a group of second curved lines having a predetermined 

radius of curvature, and the second curved lines are substantially parallel 

to each other and substantially identical in length. 

8. The bent glass sheet according to claim 7, wherein the first curved 
30 line has a first curvature radius, and the first curvature radius is greater 

than a second curvature radius that the second curved line has. 

9. The bent glass sheet according to claim 8, wherein the first curvature 
radius ranges from 5000mm to 50000mm and the second curvature radius 

35 is no less than 500mm but less than 5000mm. 
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15 fit. tS*©ft»j'*ffi©lnn»«oiBfflriBH-r-&t>fflT*-5. 

W6n«. £©7J&«, gft*©/1y£'M>K£&£Kffl^SfcJ*fc»tt£ 

*n«. H©»«t«PBrr*ct%>TiiiB*"bLnai». $mm*®i 

25 Xffft©tt£«tPM&&«. *7^«©WiB±iBCift-3Tiat»ffl*EBb, ft 
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mfzii&hmmznT^z, (xm&fr4, 123, 2 4 6t^i. ^3 

- 1 7 4 3 3 4^«) . L?&>U # ^X^©«2igg§<Z)_hTfCBEBL£: O — ^ 

m&?zjjfaizhtf7xwL&mf<k5£T&£a-7-&miTmw?&<&m 
ttto&ifi* mmxfaizm^TmpiLfz&n-5-&-?'<xmm&<m?. z\<d 
ftWi&&%frtf*>m&zit2>z\hiz%iniztem&-e$>2>. z\<d&o\z, d-5 

15 #TttfcU. 

F©»tt»c:»to-a-Tric«'rs^ffit)a36$nTir»-5 hwps - 9037%^ 

20 L^U ^7^ r 2 ^fSjj tCffl 

&ft«, ^7XiO^«gfciTlTL$o. :©<fc3l:, #X£MJLtf 
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©i^fcg^snx^ft^. 

r2^[6]j icfttfe.tiT^s^. lags stairs sBsn/tjg«©t*o 

LTffl^SJLifcWKSnTH* MMS¥l 1 -5 0 0 7 9 6^£$g) . £© 
20 «|frr*H7rt« (H7KIW*) £-*©±#i©l«£*»3l**fc«>K:tt. K 
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10 m (fttfg&tt) siMrrs&Ka**^. La»u zcD&LMsmzfi^xfa&m 

Z\£\Z&K). fl77>&<DlEmt£$i\>fl!aj:&mm.-T2>Z\£\Zf&VjLrc. *¥£W<D 

mffi^xm*. ^)ib&m^xmm2nit ! b<D\zm2>t>tt-cfetii^&. -n^ 
7>WL<Dmm^<Dm&&\zmntz'<)\< h zmmL. fr-Dftmmiz&^Tbmmfe 

<DmVi&X? XjSOtttf MmzMfr-&Z> Z. tlz «k <0 . SJ»T»it*«nJ1IBt^:o 
20 fct)CDT$>^>c 

£©tt®X©-r^T ftiSCgSL5lr»CiSS5fS2 0©g?'<^ h 
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15 Z. ttfft £ L t». d 0>ttSk<Z)tt¥¥&tt. 5 0 0 0 mmHJ: 5 0 0 0 0 mmJW 

&£, mftiyZ&omZte, fcCWRSnfc^tf. #*L<«2. 3mm 
20 &U5. OramHTt^S. 

25 B3«, *56WO|ft^5X«©-»*©»*SSiJO«^6l!H8T*fc» 
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H4H *f£m<Dm?fi?7.m<Dmv>— Mm<D&w*mw?2>rz#><Dm-e& 

*©¥MHT;&£o 

H8H *5BW©|fttf^7X«Sffl«r»fc K70XU hO^MITS^. 
H9(l *56^©*lf*f7^«SffllrifcK7©^'J y ht*5WS»>x-tf-^ 
10 h'J y^(3«k*->-U>y«I8S:^-rfB^WriiiiaT*S. 

01 0(1 #^©fttf#7Xffi£Siit-r-5£:«&©3£«©— MmZmTWim 

ht&£, 

01 1H HI 0fc*Lfc«©ffltf**ttifi£*T»ffiBT»5. 

ii 2it *f!Hj©ffltf^9x«©Kii(3fflVi-5j3t^©— wm*7K?%m 

15 HTfe^>. 

Hi 3(1 HI 2\ZKLtcm.Mm<DMfc%^-?WimmT°&K). HI 3 A, H 
13B, I13CI1 -tftiFft, H 1 2(£*5Cj-Sffi(f8IM*©A-A»riBH. B 
- BKB5H:fe<J;tf C -C»llTib5. 

HI 4 AH *56W©*(f^7^«©«itlwffl«r»*ri£^ai©»J©— 

20 tifiTOD, ii4BH h i 4 AizTjk-ttfLMM&m^-a&Mznizmii 

#^X*£©ISrffiHT&.5. 
015(1 *$8W©£&tf#7*«©«JfiKfflV*£j£JBSK (riSJ&SB) <D—m 

m £ * 5 xi&iiss *«»f-r s ^ifi] n mm l t^-t si?® ht & s . 

H 1 6 (1 H 1 5 CSL&iliO-»*a*bT*t»»tt*BT*5. 
25 017(1 *»W©tttf#7*«©HifiK:lfl^*J¥ LofTP-M-fiS: 
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01 8«, mi 7\zmwc& L-D^u-iv^m^tammm. (tmrn) w\ 

£*T»riB0T&5. 

5 112 (Hi, *^CDft^7X«0-7f^^-r#4^llTfe?)o 

0 2 1«> *^^©fttf^7X«SSii-r^fcfccDgB©!SiJ<D-^cDttlf 

f&tf^tti2£*TB»r®0T<&So 
10 02 3tt, *^BJ0fttf^77.«^Mig-r?.fci!e)©gttCDSiJ(D-^2:*1" 

02 4fcL H 2 3K*b7cgfi(Dfiltfi8igttjfi£^T^ffi0T&5. 

02 5fcL 02 4(I*Lfcttlf^lI^^T^^7.«^ft^T^-5.tt«8SS 

15 02 6«. 02 4{C^t7 v cffitffS«fC*^T^^XlS^ffitffcm, ^©#7 

02 7tt> 02 4tc^Lfcfltf««c:fcuT#7X«£EMffd£, ^<2#5 

X«^%^SB^<!:SgjilUT^?)^^^-r»f®0T*?). 

20 ffitffS«ttjfi£*T8ra0TfcSo 

02 9&, 0 2 8\Z*Ltzmfmmz&^TfiyXfc&mffz&<DttMZ* 
•T8(f®0Tab-5. 

0T*2>„ 

25 03 1ti, 03 0HSLfcfttf««IIi3^T^77 l 1g^fttf^. -?-(D^7 

7.«*t'^e^tijji-rsHf}©^^^T»r®0T$.5. 
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B3 2t4. ftM<om?rt7x&&te&&/utzmmm%faizmf*>fttc\ : 7x 
*<:&»<. $e.tc tft c ©jsp c*i7Si* * k tts. -rs<»:, ft^k 

ftf^SSre ttT. k = k,cos 2 0 + k 2 sin 2 0) „ fc*J. ft$k P k 2 te3£ 

ft®±©jftpjw*viT. ****** tj^smit^^ mpx , 

20 £<5fC, *W^f^X«Gtt. ^SSiiTii, j&P ST. IPI 

25 ftJf^7X«GSft»cfct&^T»^-rt, iIIS„ S 2 fimfoJjfa\Z%l 

oTx^Fts. fttf^vx«G«, mnmmofzibiz. muc \z 
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10 z\<D*mit, ±ajss,±K:*^T. APote«cj6^t)^r. ft/Ma* k, 

^±fBTlftBJ L fcfcft * jE* \Zffitz ? «fc 5 II . N C JU- * UTf^SS Lfcfc 
15 T5. 

JUfrttCtt. fi^(S]4 4®|lil©f$fSS 1 5 0 0 Omm. S*£[6]4 
5®ftiO[ftf¥S5l 3 0 Omm£Lfc*l!£ffi*bfc. fLT. ±I2T'IB 

20 ittz\?>, 3imm<Bffimm**m<Dmmiz%t^tzb<D<D, i.mmoy^mm 
&&?z*)Vh%m^ttm\z£r)±&&&m¥m&3i&itL-crfLM 
mmt.%±\z®m^tz» 
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Stg^t-r^ftig (*§ycQ*®) t©BR|«*«a!3£"T?*Ja:lr»St*/j\SH^, m 
-r*ffliB<fc©|ft|Hlrt*l. 5mmaT, »SL<»41. OmmKT, TftoT, 

inn *si jg-r s c t nn* « £ „ 

•e-SJlt*<T#fc. #lx.fcf TLj rvj CD«©=k5JC. 2JE* 

14 3*ffiS©*to>?&lR!4 6l;$aLT^<i, 1 3 0 OmmSg 

^.1 5 0 0 0mm*ff»Stt«!)<1»&ftfc. 
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5 fcfrofc. 

#fB9!©tttf#7XlR©gi]©ttEK:at*£. COfltftf^XKfctW 

15 -*KiiaT**JBi ©ift««±B¥li^©*lftK:¥ff»»«*T1l6n*iBiBi 

©-gBT"&& 0 ±IB¥fT»ftt*^Ttt, ±i2!fl 1 ©E&i&£, ^©ft^^fil^ 
T*t^T©AOWWi, 0rJfc©ift*¥&*:firU ^HKWKSM'WrT 

tt*, -*»CCi©lft»tK, ^Kft^±lC^tt^ (±KCi*»6TK:0^. * 
20 fct*t©ffilc3Bfls-r*ji5D jWWEbttv»illi*tbT«!rr*id:t)T**. * 

5«££fct H7iRlfl«±S|ll©XUy h©»«lwa^-r*«k"5ic» 11^ 

12 



WO 01/07373 PCT/JP00/03626 

■3T*l©lBl«l3&tSn*CtC'b>5t4. -©£©. F7JR*MK±*I©X'J \y h 

10 ISCSLfeiol:. _haBfttf#^7.1£©£M9&;L f9t^©e&M l ©-SB 

*^»©ffii»4 a*— 3e©afl"JCS^lr>T¥ff^ftS-a-fci*fCft«4 al:i 

P 1( Qp R,^> ©8BB8^«i$1i-, *O^P„ Q„ R 1 3&*iS<*W» 
15 5 a, 5 b, 5 c^, |S]— ©|ft*^t|B!-©«tt6tt-5nata:5«t5f: 
<h 1^5 *>©-?<&£,, ^©^fttCcfcO, ,SP„ Q lt R,lt -tn 
■tfnj&P 2 , Q 2 , R 2 *iKTj«P3, Q 3 , R 3 ^iI0. tti&4aF£. ¥B3^ 

20 £?LT*I;££*XS&® 1©— ±f2ffitf;tf^7.1£©£M9 

25 C©=k^^^®$*-r-g>ffitf^^^1g«. «Atfift*©KT©3BJC*fii 
Izm^ZtlZ. EI3TttHy©0^*#BSbTV^^\ ¥®3^€>T;S©g&# 
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X«©±«ffiT?**fc«jrrntf, ;:©i!iitf#7;*«©K7«ltt»^©Tfttt 

a»|- (H3C*tt5T^). Wl5a, 5 b, 5 c fc»-aTB-IBlt»ft* 
5 -frSZlilCfcO. fltf#7X«tth*7rt«^ii|Mrt*tt3. ZfD&miZ&Q, 

±ETIMHUfc«fc3K:, I^7X(D#K©^il Wl5a, 5 b, 5 c Jc 
«fc?)£j£3ttS. £©«l8(F5a, 5b, 5cli, IHCWC*?T39?7t 
©#M*K:*fflTS*llll*¥& (ff$L<«5 0 0ram£ti) ft*LTl>tttf, 
H3C«l/fc»«K«RSn3S:^. d©jft«MI©±|Sgte. »c«is$n^n 
15 flitf 5 0 0 0mm**tf 5CtJj«ff$I/U. £fc< fI3tMl5 

a, 5 b, 5cS*tJ#THt3j«Kto*A«tt, «AtflIAK:*»6na«M» 

i4a(Dittfeg »*© K 7 ©fl^tt ICS^T -5 cfc 5 CjISjgfenfcf <fc I 
H4C. *»gi©fltf#7*«©9J©-»»**-r. ^©fttf#77.ffi©± 
20 Si® 1 9<b. m€©ffiSl l©-»*«JD«loTll&nSiStLTKWP*<5. 
Cl©±*ffil 9 it. ±BtnHH. ftiHa^ Ail4 a±0#iS„ T„ 

u^, *Hwcs^jrwera-©Eit*»»*'fr, fr-D&s 2 , t 2 , u 2 £ 

«TjftS„ T 3 , U,CS«jftS„ T„ U,©Wl5a, 15b, 15c^ 

25 AMI 4aK«tO»^nSiBtLTJEMIT*a. 

uutfe, iil4a, 14b, 14cli5W;ffTTib5*i, t 
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a, i4b, i4c <fsi©tt*o snattss^cii, ^(Df&mwzm, 

2 <7>mM<D&m¥m (£F3: L < « 5 0 0 mmEli 5 0 0 0 mm*i^) d: K) h^Z 
%<-?Z>Zttfft$LV<, M;Wmzte5 0 0 0mm£<15 0 0 0 OmmttTi 

•So 
So 

EI6{c:^J^-r-?>g«)*<7)7D>N K7 3 5 atU7K73 5 b©^77i3 

3 a, 3 3bl:tt, *^BJ^M-r^^^X^ISS$tlTV^. H^Lfc^ 
25 Ttt, 7D>hK7C^7X«3 3alt S^tf^— 3 4 fc»t>TJH*U U 
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*HTt>fi[»*»iWW«L&*t LTMIT?**. tf 7- 3 4 £iffl< ixmil 

B7C*-rtKi*5 lTtt. **flJ»©#5;*J85 3 a. 5 3 b, 5 3 c tC, 

10 Tlr»4. fcfc, 7D>hF7«5 3aii«fctfU7K785 3btt, ^fflnj^^ 
*f7X«T**#. MI^^57l5 3c (U7**- fC«#77> 

enters n £&< , £»*-t©ffl*w®£»gcaflj-r-5 n <t#T#-5. 

3 *»«0|fttf;tf7;*«£ift*© K7CfflHfc«£©K7±$©7, 

20 ^6««UfcH&*-r. *fPJ3©fltf#77,1£7 3*ffll»«i. S»*©H7 

fffcn. ^xlf-X h U 7 7*7 4(CcfcSXU 7 h©v-'J >^*«A»C«fc*l 
5 (09). ±BB-C»WUfc«fc5lC, XU7h7 2Can-5^7^ffi7 3©&{f 

« 

25 tt*7Z«©#RttttC«|t)6r-3tT»5^e» 7. U 7 h© v- U >7*t>& 
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t. 13 2 ^i-tf-^ h 'J »y^8 4 t^57S8 3 t©Wi: 

Rm8 5#t£i;S. h U .7^8 4 J*ifiLil#TV>S 

s> mmm ioi tfttf^s 102 tMftmm (^^sb) io3i$ 

£A/Ptr»S. ^<D^^X««5aiSS 1 4 1 tt, Jpjftjp 1 0 lrtl:^UTttifW 
ffitfggl 0 2tC*ViT7K¥^lS]^&^^±^«i:i£nTti 
15 ol, 10 3 lCfelr»TJ4^3£©fta|SSWrstwS-3Tli*. 

LfcJcol^ ftlfgil 0 2t3^liT«, 82MSS1 4 1 ©T2FfcI*5^Ti¥Lo 
tfn-;P (^UXD-JP) 10 7^*, fl8MS§l 4 1 ©Ji^ffitfgra- 1 0 6 £ 

ztmvT^Zo *fc, iftwr ms<D*g^ig§ 1 4 1 ea, ffitfgctt i o 6 tmm& 
20 141 tom&mftT'&z&oiz* wmM^jih i o 5«x^nn>5. 
^hio5n a-)i£m?ffltt£\z£K))i<--7mzmmtsn. mm$im 

£J£/55cLTl^&„ D— ;UCte, Iln-JH5 1tf>ya>D-JH52t 

Vi^. an 0 5tf>^>~>3 f>y3>D-;H5 2 0fii*iI-r 

15 311 ±l2*Sl®#liitf>— U<Df®mz&mZnT^2>o DlhlO 5<D&m. 
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^M0 5(l &Jgjl££. «WttNI. HffilftHI. 775h'ii© 

<fc5fc»*M*«fl:&>e>0< 6*1T^5. ^;i/h 1 0 5tt, ^©«fc-5&B»tt« 

tttfft*7x;Ph*fcJ4IBtttCri6«LT^;i/h 1 0 5tt5itt)Tt5. ^ 
01 1 \Z^Vtz£?\Z, tttfBMfl 0 6©S®©-g&tt, ^JUh 1 0 5#JS 

10 <nv&$kmz&LT&K>, zzizzra-mmimi 4 hcselt^s. mm 

85141 fcffi-rfctttfaKtl 0 6©iSll #5Xl££E&tfS®£LTt8ffi-f 

tffiMti 0 6ii 01 ilc^Lfcd;otc-#tiT'fe^Tt)«fc^ fl-ftlbfc* 

H 1 2 tt, fttftttf 1 0 6 <DJ&WW 2 6 1 £»a»®T#flB*»S Ji&*HBBI 
Tifc-So HI 3A~I1 3CiI> HI 2\Z&\)ZM1U# 1 O6 0A- 

A»rffi0. B-BW®0£<fcO c C-CSffffi0£^-*vrn^1\ #7*«*Wf 

aw i o 6 \zm.mz&m-z>m®M$m2 & 2^&\z^x\t. mmm2 6 1 

20 ttWCfcS (12 1 3 A). j£j&®2 6 1 tt, tf^T-SBitSS 1 4 1 SMTzfiilJ 
^jtff1"-S(;otlT»4r(Ctttf ZtlTKt (01 3B), *7X«*«jlltf(Wl 
0 6fr*>mnZtmmT&2 6 3#ifiK:fc^Tte, *7XfiCM»i:^6 

naftw^ttw-^snTVi* (0130. zoimfmmz. m^© 

25 SC. aHSJ«#aM?Lfc^»©##iLTt>«fcl>. 01 4Al:3LfcfiE^®2 
6 1 01 4BlC*l/fcft»f*7^«2 6 1 atfft&nS. 
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Ell 1). tic.mW2 6 lte. 4>&< tt,giH7iftifiT?(t Hfti£Kl*lc7)#7 

i@ic*3^t, #7 &fz+ft\zmm&±%-LT^t£^mmtti o 6 \z 

10 ^©Jf Lotfn-;H 0 7te, j&j£i?§l 4 KDfiyXfa&mtmttl 0 6 (I if 

jf low-p-^ i o 7 ©Mte, ^ h i o 5 tmm. mmumx-m^ 

*1T(^3. £<Z>*®«, 7 x.)lh<D£o\Zllz>Xmztt\^X2 y~>3 
15 Wr^>^tJ;Oflg^$nTt,^^t75W*bUo if LottP-;H 0 

tl^ncDP-;P7^3fiiLLTlHlfeT$-i. c fc5(C^-^.^<i:^WSL^„ jf VOW 

20 p-;p i o 7 ^f^7>«(D^M©tttf^ttt^i;TjiM^?.n^>^ 

&lf lottP-JPtLTfi, l*0n^ R:^7Xfi 
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toJR*Fffl*»'&8i^fc»nB0-e*5. 01 5t*bfclf LOltO-;i'2 7 4 a, 
2 7 4b. 2 7 4c, (1, □•yh* 2 7 5 a, 2 7 5 b.,, COftSCIfOttW- 
5 e»nTV»5. Snyh'2 7 5a, 2 7 5 b,,, (J, ^-7,gPW2 7 9iZ 

#ft£ft£Jll*£ftTlr>S. ftnyH2 7 5 a, 2 7 5 b,,, fi. TW**^- 
X»W2 7 9CJ:D«lWS*rO>SX7'J>^2 7 6 a. 2 7 6 b,,, CcfcD 
±Jl:#»$nt*0, ^©ig*. 74 a. 274 b, 274c,,, 

io mmi o 6^jf lowt^s. 

Ell 61:. If L,Ottn-JP2 7 4bttffi£tt*UTS"T. if LottD-;U2 
7 4 btt, &ffi2 7 7 btEHgi«EC^«r*nfctt2 7 8 b Id® OttttSftT 
^5. ^I2 7 7 b(l H2 7 5 b©jfc*K:, #7*«0«#|rH;: 

«»SftK:fl5tO#lt6nT^-6. ^©Jcol:. HvTsfa 1 0 4 h 1 0 5 

15 tth\ZrfLMmi 0 6Kjf l/Ol75iWilT, 0 4 ©H^lSHcK 

WU3t*»©7»J-D-;U2 74 a, 2 7 4b. 2 7 4 c,,, £ffllr». ^ne. 

an?**. 

20 — ftttflDfflxO^D— ;KOffl€rBl 7*«ti;Hi 8Jc*-T. Hi7i:*L;t 
<fc?C, £©a-JP2 6 5tt. PM4ft^&S^ft<3fi^Sl*2 6 6<h. 
2 6 6\Z®r>TZ:<DmmzmmZntz&&»frt>tS;2>Wtt2 6 7t. Stt2 6 
6 <h##2 6 7 t^Ti^OttSn-fMyj >^2 6 8 i, n-f 
U>^2 6 8£«3»*tttttt«>e>&*X , J-:72 6 9 t^bftsS^nt^S. 

25 01 8\Z^LTz^oiZ, ZL<DU-)V2 6 50MSB&. H£8B£titt£«t*.fc£ 
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mfmt&T°\z. fi^x&ti&m&i nut ^nos izm-Dxmf&tt 1 
o 6ct^Lo^p-;n o 7t©n3*jtff-r*. mifmmz&tf&mm&i 4 

4 lte, AS«i:(JllMl:fftt5t¥^*t5. — 2f. 03© 

io -r^>j;c>«r^^^tiT*5 0. z<D—fe<D&mte&ftimmpi<Dmm$&izibmmis 

ei o n^L/ijjn#ypi o ltiin **«jn«t«e*^6ffl^e>nT^fc 
gl^tsct^s. anifc*pi o irt©#^x«$j£3M§:te, <H*ki®^ 

&±\zmwvtz£w&m^Tm?J37Xffi.%mm?&fi&<D-m$:m. 

25 Bj-r^,,, 

V-y^AxU##77.7!i^&S#^7.1£l 0 4£fln$i*Pl 0 lrtCDj»3H 
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^tztiyxmi 0 4(1 «±ift«ijt;ftg-f 3fg 1 ©If LottP-JH 7 1 <htt 
5 tfgWl 0 6 i<D^{;^jA*tl, I(DD-;H7 1l:J:»)^H0543> 
IttttfWl 0 6tIff$x^t7^n-5)o if LottD-)H 0 7©^®te»!ft 

fru fiyx&i o 4^mmrmm^tm<o ^lt> eh i{^Lfc=t^(i> 

$?£L<&8 0mm/g>~4 0 0mm/#<Z)iSB;^ilft$*15. ^©RBC 
*3^T, #7X«10 4te, */£-*riWBjWltSftT^fc^fc«>. 
15 1S^T*^>o 

20 0 4®fttfj&*RM&3ft-5. 

7.JS1 0 4OlitSWM 0 5<fc&ftfcLT^5fc£, #v**£l 0 4B 

25 ffftCft^. 

019(1 il««C^57fi£, «I2 6 1 fcK^LfcEITfc 
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5 z.zx\ n2ot^cto, ±itt&&£ztmw\z&Df&m^mtemfrt7*fo 

T2^|p]J (Zft^SM-^T^Efetf (two-dimensional bending) #^JIT?#5. 

*5<^t, *'7^si 04(1 #$i*n-;n 3 1 \z&iQ— mmm-cfflmztLfctf 
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the description I I as originally filed 

I I as amended under Article 34 

the claims I I as originally filed 

I I as amended under Article 1 9 (together with any accompanying statement) 
I | as amended under Article 34 

the drawings I I as originally filed 

I [ as amended under Article 34 

2. | | The applicant wishes any amendment to the claims under Article 19 to be considered as reversed. 

3. | | The applicant wishes the start of the international preliminary examination to be postponed until the expiration of 20 months 

from the priority date unless the International Preliminary Examining Authority receives a copy of any amendments made 
under Article 19 or a notice from the applicant that he does not wish to make such amendments (Rule 69.1(d)). (This check- 
box may be marked only where the time limit under Article 19 has not yet expired.) 

* Where no check-box is marked, international preliminary examination will start on the basis of the international application 
as originally filed or, where a copy of amendments to the claims under Article 1 9 and/or amendments of the international application 
under Article 34 are received by the International Preliminary Examining Authority before it has begun to draw up a written opinion 
or the international preliminary examination report, as so amended. 



Language for the purposes of international preliminary examination: j!®P?.n?.5?. 

\\s I which is the language in which the international application was filed. 

I I which is the language of a translation furnished for the purposes of international search. 

I I which is the language of publication of the international application. 

| | which is the language of the translation (to be) furnished for the purposes of international preliminary examination. 



Box No. V ELECTION OF STATES 



The applicant hereby elects all eligible States (that is. all States which have been designated and which are bound by Chapter II of 
the PCT) 

excluding the following States which the applicant wishes not to elect: 
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Box No. VI CHECK LIST 



The demand is accompanied by the following elements, in the language referred to in 
Box No. IV, for the purposes of international preliminary examination: 



1 . translation of international application 

2. amendments under Article 34 

3. copy (or, where required, translation) of 
amendments under Article 19 

4. copy (or, where required, translation) of 
statement under Article 19 

5. letter 

6. other (specify) 



sheets 
sheets 

sheets 

sheets 
sheets 
sheets 



For International Preliminary 
Examining Authority use only 



received 

□ 
□ 

□ 

□ 
□ 
□ 



not received 

□ 
□ 

□ 

□ 
□ 
□ 



The demand is also accompanied by the item(s) marked below: 

1. 1 1/| fee calculation sheet 

2. | | separate signed power of attorney 

3. I I copy of general power of attorney; 
' — 1 reference number, if any: 



4. | | statement explaining lack of signature 

5. I I nucleotide and or amino acid sequence listing in 
— computer readable form 

6. | [ other (specify): 



Box No. VII SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE 

Next to each signature, indicate the name of the person signing and the capacity in which the person signs (if such capacity is not obvious from reading ike demand). 



IKEUCHI Hiroyuki 
SATO Kimihiro 
KAMADA Koichi 
TORAOKA Keiji 







1. Date of actual receipt of DEMAND: 


2. 


Adjusted date of receipt of demand due 
to CORRECTIONS under Rule 60. 1 (b): 


3. 


f— i The date of receipt of the demand is AFTER the expiration of 1 9 months | — | The applicant has been 
1— J from the priority date and item 4 or 5, below, does not apply. 1—1 informed accordingly. 


4. 


| — 1 The date of receipt of the demand is WITHIN the period of 19 months from the priority date as extended by virtue of 
1 1 Rule 80.5. 


5. 


I - 1 Although the date of receipt of the demand is after the expiration of 19 months from the priority date, the delay in arrival 
1 — 1 is EXCUSED pursuant to Rule 82. 
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For receiving Office use only 




0-1 


International Application No. 




0-2 


International Filing Date 




0-3 


Name of receiving Office and "PCT 
International Application" 






0-4 


Form - PCT/RO/101 PCT Request 




0-4-1 


Prepared using 


PCT-EASY Version 2*92 
(updated. 01.01.2002) 


0-5 


Petition 

The undersigned requests that the 
present international application be 
processed according to the Patent 

Pnnnoraiinn Troatw 
vUUpol alllM 1 l 1 Cctiy 




0-6 


Receiving Office (specified by the 
applicant) 


Japan Patent Office (RO/JP) 


0-7 


Applicant's or agent's file reference 


H766-01 


1 


Title of invention 


BENT GLASS SHEET FOR VEHICLE WINDOW 


II 


Applicant 




11-1 


This person is: 


applicant only- 


II-2 


Applicant for 


all designated States except US 


II-4 


Name 


NIPPON SHEET GLASS CO., LTD. 


il-5 


Address: 


5-11, Doshomachl 3-chome, Chuo-ku 

Osaka-shi, Osaka 541-0045 

Japan 


II-6 


State of nationality 


JP 


H-7 


State of residence 


JP 


li-8 


Telephone No. 


+81-3-5443-9514 


ll-9 


Facsimile No. 


+81-3-5443-9567 


111-1 


Applicant and/or Inventor 




HI-1-1 


This person is: 


applicant and inventor 


IIM-2 


Applicant for 


US only 


HI-1-4 


Name (LAST, First) 


YOSHIZAWA, Hideo 


111-1-5 


Address: 


C/O NIPPON SHEET GLASS CO., LTD. 
5-11, Doshomachl 3-chome, Chuo-ku, 
Osaka-shl, Osaka 541-0045 
Japan 


111-1-6 


State of nationality 


JP 


111-1-7 


State of residence 


JP 
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H766-01 



Agent or common representative; or 
address for correspondence 

The person identified below is 
hereby/has been appointed to act on 
behalf of the applicant(s) before the 
competent International Authorities as: 
Name (LAST, First) 

Address: 



Telephone No. 
Facsimile No. 



agent 



IKEUCHI, Hlroyukl 

Suite 401, UMEDA PLAZA Building, 3-25 , 
Nlshltenma 4-chome, Kita-ku 
Osaka-shi, Osaka 530-0047 
Japan 

+81-6-6361-9334 
+81-6-6361-9335 



Additional agent(s) 



Name(s) 



additional agent (s) with same address as 
first named agent 

SATO, Kimihlro; KAMADA, Koiohi; TORAOKA, 
Keiji 



Designation of States 



Regional Patent 

(other kinds of protection or treatment, 
if any, are specified between 
parentheses after the designation(s) 
concerned) 



AP: GH GM KE LS MW MZ SD SL SZ TZ UG ZM 
ZW and any other State which is a 
Contracting State of the Harare Protocol 
and of the PCT 

EA: AM AZ BY KG KZ MD RU TJ TM and any 
other State which is a Contracting State 
of the Eurasian Patent Convention and of 

the PCT 

EP: AT BE CH&LI CY DE DK ES FI FR GB GR 
IE IT LU MC NL PT SE TR and any other 
State which is a Contracting State of 
the European Patent Convention and of 
the PCT 

OA: BF BJ CF CG CI CM GA GN GQ GW ML MR 
NE SN TD TG and any other State which is 
a member State of OAPI and a Contracting 
State of the PCT 



National Patent 

(other kinds of protection or treatment, 
if any, are specified between 
parentheses after the designation(s) 
concerned) 



AE AG AL 

CA CH&LI 

EE ES FI 

IS JP KE 

LV MA MD 

PL PT RO 

TR TT TZ 



AM AT 
CN CO 
GB GD 
KG KP 
MG MK 
RU SD 
UA UG 



AU AZ 
CR CU 
GE GH 
KR KZ 
MN MW 
SE SG 
US UZ 



BA BB 
CZ DE 
GM HR 
LC LK 
MX MZ 
SI SK 
VN YU 



BG BR 

DK DM 

HU ID 

LR LS 

NO NZ 

SL TJ 

ZA ZM 



BY BZ 

DZ EC 

IL IN 

LT LU 

OM PH 

TM TN 
ZW 
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V-5 


Precautionary Designation Statement 

In addition to the designations made 
under items V-1 , V-2 and V-3. the 
applicant also makes under Rule 4.9(b) 
all designations which would be 
permitted under the PCT except any 
designation(s) of the State(s) indicated 
under item V-6 below. The applicant 
declares that those additional 
designations are subject to confirmation 
and that any designation which is not 
confirmed before the expiration of 15 
months from the priority date is to be 
regarded as withdrawn by the applicant 
at the expiration of that time limit. 






V-6 


Exclusion (s) from precautionary 
designations 


NONE 


VI-1 

VI-1-1 


Priority claim of earlier national 
application 

Filing date 


23 July 1999 (23.07.1999) 


VI-1 -2 


Number 


Patent Application 11-209933 


VI-1 -3 


Country 


JP 




VI-2 


Priority document request 

The receiving Office is requested to 
prepare and transmit to the 
international Bureau a certified copy of 
the earlier application(s) identified 
above as item(s): 


VI-1 




VII-1 


International Searching Authority 
Chosen 


Japan Patent Office 


CJPO) (ISA/JP) 


VIII 


Declarations 


Number of declarations 




VIII-1 


Declaration as to the identity of the 
inventor 






VIII-2 


Declaration as to the applicant's 
entitlement, as at the international filing 
date, to apply for and be granted a 
patent 






VIII-3 


Declaration as to the applicant's 
entitlement, as at the international filing 
date, to claim the priority of the earlier 
application 






VIII-4 


Declaration of inventorship (only for the 
purposes of the designation of the 
United States of America) 






VIII-5 


Declaration as to non-prejudicial 
disclosures or exceptions to lack of 
novelty 






IX 


Check list 


number of sheets 


electronic file(s) attached 


IX-1 


Request (including declaration sheets) 


4 




IX-2 


Description 


32 




IX-3 


Claims 


2 




IX-4 


Abstract 


1 


h7 6 6 - 0 labst raot . txt 


IX-5 


Drawings 


33 




IX-7 


TOTAL 


72 
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Accompanying items 


paper document(s) attached 


electronic file(s) attached 


IY-fl 


Ffift calculation ^hpfit 






IX-17 


PCT-EASY diskette 




Diskette 


IX-19 


Figure of the drawings which should 
accompany the abstract 


1 


IX-20 


Language of filing of the 
International application 


Japanese 


X-1 


Signature of applicant, agent or 
common representative 






X-1-1 


Name (LAoi, rirstj 


IKEUCHI, Hiroyuki 




X-2 


Signature of applicant, agent or 
common representative 






X-2-1 


Name (LAbT, rirst) 


SATO, Kimihlro 




X-3 


Signature of applicant, agent or 
common representative 






X-3-1 


Name (LAST, First) 


KAMADA, Kolchl 




X-4 


Signature of applicant, agent or 
common representative 






X-4-1 


Name (LAST. First) 


TORAOKA, Keijl 
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10-1 


Date of actual receipt of the 
purported International application 




10-2 


Drawings: 






10-2-1 


Received 






10-2-2 


Not received 






10-3 


Corrected date of actual receipt due 
to later but timely received papers or 
drawings completing the purported 
International application 




10-4 


Date of timely receipt of the required 
corrections under PCT Article 1 1 (2) 




10-5 


International Searching Authority 


ISA/JP 


10-6 


Transmittal of search copy delayed 
until search fee Is paid 




FOR INTERNATIONAL BUREAU USE ONLY 


11-1 


Date of receipt of the record copy by 
the International Bureau 
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PATENT COOPERATION TREATY 

PCT 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



Applicant's or agent's file reference 
H766-01 


SeeNotificationofTransmittaloflntemational Preliminary 
FOR FURTHER ACTION Examination Report (Form PCT/IPE A/4 1 6) 


International application No. 

PCT/JP00/03626 


International filing date (day/month/year) 
02 June 2000 (02.06.00) 


Priority date (day/month/year) 

23 July 1999 (23.07.99) 


International Patent Classification (IPC) or national classification and IPC 
C03B 23/03, B60J 1/17 


Applicant 

NIPPON SHEET GLASS CO., LTD. 



1 . This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 



This REPORT consists of a total of 



sheets, including this cover sheet. 



This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority (see 
Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 



These annexes consist of a total of 



sheets. 



3. This report contains indications relating to the following items: f ^ 

Basis of the report 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 0 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

Certain documents cited 

Certain defects in the international application 

Certain observations on the international application 



I 


LXJ 


II 


□ 


III 


□ 


IV 


□ 


V 




VI 


□ 


VII 


□ 


VIII 


□ 



Date of submission of the demand 

il December 2000 (11.12.00) 


Date of completion of this report 

20 August 2001 (20.08.2001) 


Name and mailing address of the IPEA/JP 
Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/IPE A/409 (cover sheet) (July 1998) 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 

PCT/JP00/03626 



I. Basis of the report 



1 . With regard to the elements of the international application:* 
| | the international application as originally filed 

the description: 

pages 1-4,6-32 , as originally filed 

pagcs , filed with the demand 

pages 5 , filed with the letter of 04 April 200 1 (04.04.2001 ) 

the claims: 

pages 2-6,8,9 , as originally filed 

p a g CS , as amended (together with any statement under Article 19 

pages . filed witn demand 

pages 1/7 .filed with the letter of 04 April 2001 (04.04.2001) 

the drawings: 

I-33B , as originally filed 



pages 

pages _ , filed with the demand 

pages , filed with the letter of 



| | the sequence listing part of the description: 

pages , as originally filed 

pages , filed with the demand 

pages , filed with the letter of 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished io this Authority in the following language which is: 

I | the language of a translation furnished for the purposes of international search (under Rule 23. 1(b)). 
1 I the language of publication of the international application (under Rule 48.3(b)). 

I | the language of the translation furnished for the purposes of international preliminary examination (under Rule 55.2 and/ 
or 55.3). 

3. With regard to L any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

contained in the international application in written form. 

I I filed together with the international application in computer readable form. 

I I furnished subsequently to this Authority in written form. 

| | furnished subsequently to this Authority in computer readable fotm. 

I I The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 

international application as filed has been furnished. 
I I The statement that the information recorded in computer readable form is identical to the written sequence listing has 
been furnished. 

I | The amendments have resulted in the cancellation of: 

I I the description, pages 

1 | the claims, Nos. 



I I the drawings, sheets/fig 



I | This report has been established as if (some of) the amendments had not been made, since they have been considered to go 
' — ' beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 

* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
in this report as "originally filed" and are not annexed to this report since they do not contain amendments (Rule 70.16 
and 70.17). 

** Any replacement sheet containing such amendments must be referred to under item I and annexed to this report. 
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 

PCT/JPOO/03626 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1 . Statement 

Novelty (N) Claims 6 __ YES 

Claims _ 1-5,7-9 NQ 

Inventive step (IS) Claims 6 YES 

Claims 1-5,7-9 NO 

Industrial applicability (IA) Claims 1-9 YES 



Claims 



NO 



2. Citations and explanations 

Document 1: EP, 477913, A2 (ASAHI GLASS COMPANY, LTD.), 1 April 1992 

Document 2: US, 4983205, A (SAINT-GOBAIN VITRAGE INTERNATIONAL), 8 January 

1991 



Claims 1-5, 7-9 

The subject matter of claims 1-5 and 7-9 does not appear to be novel on account of document 
1 cited in the ISR. 

A curved glass sheet for a vehicle window with the same shape as the subject matter of claims 
1-5 and 7-9 is described in document 1. Also, the invention of document 1 heats the glass sheet 
until it is near the softening point temperature when bending and forming it; near the softening 
point temperature does not always exceed the softening point temperature, and is a temperature 
that overlaps the 'temperature between the deformation point and softening point" in the 
invention of claims 1-5 and 7-9. 

Furthermore, constituting the invention described in document 1 in order to simply achieve 
the object is a matter to be appropriately decided by a person skilled in the art. 

Claim 6 

The subject matter of claim 6 appears to involve an inventive step with regard to document 1 
and document 2 cited in the ISR. 

n ^'"rent 2 describes a method of curving a glass sheet in which the aforesaid glass sheet is 
given the specified radius of curvature by pressing the glass sheet against a bent member together 
with a belt made of a heat-resistant material, but applying the bending method described in the 
aforesaid document 2 to the glass sheet bend formation method described in document 1 
(bending a glass sheet by means of its own weight) does not appear easy for a person skilled in 
the art to conceive. 
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From the INTERNATIONAL BUREAU 



PCT 



NOTIFICATION OF RECEIPT OF 
RECORD COPY 

(PCT Rule 24.2(a)) 



To: 



IKEUCHI, Hiroyuki 
Umeda Plaza Building 
Suite 401 

3-25, Nishitenma 4-chome 
Kita-ku, Osaka-shi 
Osaka 530-0047 
JAPON 



0 6, 7, 1 7 '■■ 



Date of mailing (day/month/year) 

05 July 2000 (05.07.00) 


IMPORTANT NOTIFICATION 


Applicant's or agent's file reference 
H766-01 


International application No. 

PCT/J POO/03626 



The applicant is hereby notified that the International Bureau has received the record copy of the international application as 
detailed below. 

Name(s) of the applicant(s) and State(s) for which they are applicants: 

NIPPON SHEET GLASS CO., LTD. (for all designated States except US) 
YOSH1ZAWA, Hideo (for US) 

International filing date : 02 J une 2000 (02.06.00) 

Priority date(s) claimed 23 July 1999 (23.07.99) 



Date of receipt of the record copy 
by the international Bureau 

List of designated Offices 



16 June 2000 (16.06.00) 



AP :GH,GM,KE,LS,MW,MZ,SD,SL,SZ,TZ,UG,ZW 
EA :AM,AZ,BY,KG,KZ,MD,RU,TJ,TM 

EP iAT^E^H^DE^DK^ES^FLFR^GB^GRJEJT^U^CNL^^SE 
OA rBF^J^F^CCCLCM^A^N^W^ML^R^E^SN^TG 

National lAE^G^AM^AU^BA^B^G^R^BY^A^CH^N^R^U^C^DE^^DM^Z^EE^S, 

FI^B^D^E^GH^M^HR^UJDJLJNJSJP^KE^KG^R^Z^C^LK^R^S^LT^U^LV^M^MD^G, 

MK,MN,MW,MX,MZ,NO,NZ,PL,PT,RO,RU,SD^ 

YU,ZA,ZW 



ATTENTION 

The applicant should carefully check the data appearing in this Notification. In case of any discrepancy between these data 
and the indications in the international application, the applicant should immediately inform the International Bureau. 

In addition, the applicant's attention is drawn to the information contained in the Annex, relating to: 



X 



0 



time limits for entry into the national phase 
confirmation of precautionary designations 
requirements regarding priority documents 



A copy of this Notification is being sent to the receiving Office and to the International Searching Authority. 



The International Bureau of WIPO 
34, chemin des Colombettes 
1211 Geneva 20. Switzerland 



Facsimile No. (41-22) 740.14.35 



Authorized officer: 



Shinji IGARA 



hinji IGARASHI 

Telephone No. (41-22) 338.83.38 



Form PCT/IB/301 (July 1998) 



003391228 




International application No. 
A PCT/J POO/03626 



ANNEX Tj 




|RM PCT/IB/301 



INFORMATION ON TIME LIMITS FOR ENTERING THE NATIONAL PHASE 



The applicant is reminded that the "national phase" must be entered before each of the designated Offices indicated in the 
Notification of Receipt of Record Copy (Form PCT/IB/301) by paying national fees and furnishing translations, as prescribed by 
the applicable national laws. 

The time limit for performing these procedural acts is 20 MONTHS from the priority date or, for those designated States 
which the applicant elects in a demand for international preliminary examination or in a later election, 30 MONTHS from the 
priority date, provided that the election is made before the expiration of 1 9 months from the priority date. Some designated (or 
elected) Offices have fixed time limits which expire even later than 20 or 30 months from the priority date. In other Offices an 
extension of time or grace period, in some cases upon payment of an additional fee, is available. 

In addition to these procedural acts, the applicant may also have to comply with other special requirements applicable in 
certain Offices. It is the applicant's responsibility to ensure that the necessary steps to enter the national phase are taken in a 
timely fashion. Most designated Offices do not issue reminders to applicants in connection with the entry into the national 
phase. 

For detailed information about the procedural acts to be performed to enter the national phase before each designated 
Office, the applicable time limits and possible extensions of time or grace periods, and any other requirements, see the relevant 
Chapters of Volume II of the PCT Applicant's Guide. Information about the requirements for filing a demand for international 
preliminary examination is set out in Chapter IX of Volume I of the PCT Applicant's Guide. 

GRand ES became bound by PCT Chapter II on 7 September 1996 and 6 September 1997, respectively, and may, therefore, 
be elected in a demand or a later election filed on or after 7 September 1996 and 6 September 1997, respectively, regardless of 
the filing date of the international application. (See second paragraph above.) 

Note that only an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter II has 
the right to file a demand for international preliminary examination. 



This notification lists only specific designations made under Rule 4.9(a) in the request. It is important to check that these 
designations are correct. Errors in designations can be corrected where precautionary designations have been made under 
Rule 4.9(b). The applicant is hereby reminded that any precautionary designations may be confirmed anoording to Rule 4.9(c) 
before the expiration of 15 months from the priority date. If it is not confirmed, it will automatically be regarded as withdrawn 
by the applicant. There will be no reminder and no invitation. Confirmation of a designation consists of the filing of a notice 
specifying the designated State concerned (with an indication of the kind of protection or treatment desired) and the payment 
of the designation and confirmation fees. Confirmation must reach the receiving Office within the 15-month time limit. 



For applicants who have not yet complied with the requirements regarding priority documents, the following is recalled. 

Where the priority of an earlier national, regional or international application is claimed, the applicant must submit a copy 
of the said earlier application, certified by the authority with which it was filed ("the priority document") to the receiving Office 
(which will transmit it to the International Bureau) or directly to the International Bureau, before the expiration of 1 6 months from 
the priority date, provided that any such priority document may still be submitted to the International Bureau before that date of 
international publication of the international application, in which case that document will be considered to have been received 
by the International Bureau on the last day of the 16-month time limit (Rule 17.1(a)). 

Where the priority document is issued by the receiving Office, the applicant may, instead of submitting the priority 
document, request the receiving Office to prepare and transmit the priority document to the International Bureau. Such request 
must be made before the expiration of the 16-month time limit and may be subjected by the receiving Office to the payment 
of a fee (Rule 17.1(b)). 

If the priority document concerned is not submitted to the International Bureau or if the request to the receiving Office 
to prepare and transmit the priority document has not been made (and the corresponding fee, if any, paid) within the applicable 
time limit indicated under the preceding paragraphs, any designated State may disregard the priority claim, provided that no 
designated Office may disregard the priority claim concerned before giving the applicant an opportunity to furnish the priority 
document within a time limit which is reasonable under the circumstances. 

Where several priorities are claimed, the priority date to be considered for the purposes of computing the 1 6-month time 
limit is the filing date of the earliest application whose priority is claimed. 



CONFIRMATION OF PRECAUTIONARY DESIGNATIONS 



REQUIREMENTS REGARDING PRIORITY DOCUMENTS 
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From the INTERNATIONAL BUREAU 



PCT 



NOTIFICATION CONCERNING 
SUBMISSION OR TRANSMITTAL 
OF PRIORITY DOCUMENT 

(PCT Administrative Instructions, Section 411) 



Date of mailing (day/month/year) 
04 August 2000 (04.08.00) 



Applicant's or agent's file reference 
H766-01 



International application No. 
PCT/J POO/03626 



International publication date (day/month/year) 
Not yet published 



To: 



IKEUCHl, Hiroyuki 
Umeda Plaza Building 
Suite 401 

3-25, Nishitenma 4-chome 
Kita-ku, Osaka-shi 
Osaka 530-0047 
JAPON 




IMPORTANT NOTIFICATION 



International filing date (day/month/year) 
02 June 2000 (02.06.00) 



Priority date (day/month/year) 
23 July 1999 (23.07.99) 



Applicant 

NIPPON SHEET GLASS CO., LTD. et al 



1. The applicant is hereby notified of the date of receipt (except where the letters "NR ' appear in the ~l^n) by the 
International Bureau of the priority documents) relating to the earlier application(s) .indicated below. Unless otherwise 
indicated by an asterisk appearing next to a date of receipt, or by the letters "NR", in the right-hand column, the priority 
document concerned was submitted or transmitted to the International Bureau in compliance with Rule 17.1(a) or (b). 

2. This updates and replaces any previously issued notification concerning submission or transmittal of priority documents. 

3 An asterisk^) appearing next to a date of receipt, in the right-hand column, denotes a priority ^ ocument J ub ^ i « e . d „ 
or transmitted to the International Bureau but not in compliance with Rule 17.1(a) or (b). In such 

of the applicant is directed to Rule 17.1 (c) which provides that no designated Office may disregard the priority claim 
concerned I oXe giving the applicant an opportunity, upon entry into the national phase, to furnish the priority document 
within a time limit which is reasonable under the circumstances. 

4 The letters "NR" appearing in the right-hand column denote a priority document which was not received by the International 
Bureau or which the applicant did not request the receiving Office to prepare and transmit to the International Bureau. 

as provided by Rule 17 1(a) <*r (b), respectively. In such a case, the attention of the appl.cam.s d.rected to ^Rule ^1(c) which 
provides that no designated Office may disregard the priority claim concerned before giving the applicant an opportunity, 
upon entry into the national phase, to furnish the priority document within a time limit which is reasonable under the 
circumstances. 



Priority date , [ Priority application No. 

23 July 1999 (23.07.99) 1 1/209933 



Country or region 
or PCT receivinf 



al Office 
Office 



JP 



Date of receipt 
nf nrmritv document 

27 July 2000 (27.07.00) 



The International Bureau of WIPO 
34. chemin des Colombettes 
1211 Geneva 20. Switzerland 



Facsimile No. (41-22) 740.14.35 



Authorized officer 

TaiebAkremi 

Telephone No. (41-22) 338.83.38 



Form PCT/lB/304 (July 1998) 
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From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF THE RECORDING 
OF A CHANGE 

(PCT Rule 92bis.1 and 
Administrative Instructions, Section 422) 


To: 

IKEUCHI, Hiroyuki JjX 
Umeda Plaza Building /■■ - * \ 
Suite 401 \ 0 1, 5, 7 - j 

3-25, Nishitenma 4-chome t^y.,. - / 

Kita-ku, Osaka-shi :$ tef^-. / 
Osaka 530-0047 


Date of mailing (day/month/year) 
24 April 2001 (24.04.01) 


JAPON 


Applicant's or agent's file reference 
H766-01 


IMPORTANT NOTIFICATION 


International application No. 
PCT/JP00/03626 


International filing date (day/month/year) 
02 June 2000 (02.06.00) 



The following indications appeared on record concerning 

| j the inventor 



the applicant 



| | the agent j j the common representative 



Name and Address 


State of Nationality 


State of Residence 


NIPPON SHEET GLASS CO., LTD. 
5-11, Doshomachi 3-chome, Chuo-ku 
Osaka-shi, Osaka 541-0045 
Japan 


JP 


JP 


Telephone No. 

+ 81-3-5443-3514 




Facsimile No. 






+ 81-3-5443-9567 






Teleprinter No. 



2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning: 
jT™j the person [ "| the name j ~~"| the address | J the nationality j J the residence 



State of Nationality 


State of Residence 


JP 


JP 


Telephone No. 




+ 81-3-5443-9514 




Facsimile No. 




+81-3-5443-9567 




Teleprinter No. 



Name and Address 



NIPPON SHEET GLASS CO., LTD. 
7-28, Kitahama 4-chome, Chuo-ku 
Osaka-shi, Osaka 541-8559 
Japan 



3. Further observations, if necessary: 



4. A copy of this notification has been sent to: 
| X| the receiving Office 
| | the International Searching Authority 
| X| the International Preliminary Examining Authority 



| | the designated Offices concerned 
| X| the elected Offices concerned 

I otner: 





Authorized officer 


The International Bureau of WIPO 


34, chemin des Colombettes 


Shif^H^ARASHI 


121 1 Geneva 20, Switzerland 


Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 



Form PCT/IB/306 (March 1994) 



003981333 
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PCT/J POO/03626 



From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF THE RECORDING 
OF A CHANGE 

(PCT Rule 92bis.1 and 
Administrative Instructions, Section 422) 


To: 

IKEUCHI, Hiroyuki 
Umeda Plaza Building 
Suite 401 

3-25, Nishitenma 4-chome 
■ Kita-ku, Osaka-shi 
Osaka 530-0047 
JAPON 


Date of mailing (day/month/year) 
24 April 2001 (24.04.01) 


Applicant's or agent* s file reference 
H766-01 


IMPORTANT NOTIFICATION 


International application No. 
PCT/J POO/03626 


International filing date (day/month/year) 
02 June 2000 (02.06.00) 



1. The following indications appeared on record concerning: 

X the applicant | X | the inventor | the agent ' | the common representative 


Name and Address 

YOSHIZAWA, Hideo 

Nippon Sheet Glass Co., Ltd. 

5-1 1, Doshomachi 3-chome, Chuo-ku 

Osaka-shi, Osaka 541-0045 

Japan 


State of Nationality 
JP 


State of Residence 
JP 


Telephone No. 


Facsimile No. 


Teleprinter No. 


2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning: : 
| | the person | | the name | X| the address | | the nationality | | the residence 


Name and Address 

YOSHIZAWA, Hideo j 
c/o Nippon Sheet Glass Co., Ltd. I 
7-28, Kitahama 4-chome, Chuo-ku 
Osaka-shi, Osaka 541-8559 
Japan 


State of Nationality 
JP 


State of Residence 
JP 


Telephone No. 


Facsimile No. 


Teleprinter No. 


3. Further observations, if necessary: 




4. A copy of this notification has been sent to: 
| X| the receiving Office [* "] the designated Offices concerned 
| [ the International Searching Authority | X| the elected Offices concerned 
| X | the International Preliminary Examining Authority | j other: 



The International Bureau of WIPO 


Authorized officer 


34, chemin des Colombettes 


--^djiIgarashi 


1211 Geneva 20. Switzerland 


Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 



Form PCT/IB/306 (March 1 994) 003981 334 
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From the INTERNATIONAL BUREAU 



PCT 

NOTICE INFORMING THE APPLICANT OF THE 
COMMUNICATION OF THE INTERNATIONAL 
APPLICATION TO THE DESIGNATED OFFICES 

(PCT Rule 47.1(c), first sentence) 



Date of mailing (day/month/year) 
01 February 2001 (01.02.01) 



To: 




IKEUCHI, Hiroyuki 




Umeda Plaza Building 




Suite 401 / 




3-25, Nishitenma 4-chome 




Kita-ku, Osaka-shi \ 


J 


Osaka 530-0047 




JAPON 





Applicant's or agent's file reference 
H766-01 


IMPORTANT NOTICE 


International application No. 
PCT/J POO/03626 


International filing date (day/month/year) 
02 June 2000 (02.06.00) 


Priority date (day/month/year) 
23 July 1999 (23.07.99) 


Applicant 

NIPPON SHEET GLASS CO., LTD. et al 



1. Notice is hereby given that the International Bureau has communicated, as provided in Article 20, the international application 
to the following designated Offices on the date indicated above as the date of mailing of this Notice: 

AU,KR,US 

In accordance with Rule 47.1(c), third sentence, those Offices will accept the present Notice as conclusive evidence that 
the communication of the international application has duly taken place on the date of mailing indicated above and no copy 
of the international application is required to be furnished by the applicant to the designated Office(s). 

2. The following designated Offices have waived the requirement for such a communication at this time: 

AE^CAL^M^AT^BA^B^CBR^Y^CH^N^R^U^DE^^DM^Z^A^E^P^S^I, 

GB^D^^GH^M^R^U^D^LJNJS^^KE^KG^Z^CLK^LR^S^T^aLV^^MD^CM^MN, 

MW^X^^NO.NZ^A^L^T^O.RU^D^SE^G^LSK^L^J^MTR^TZ.UA^G^Z^N^U^A, 
The communication will be made to those Offices only upon their request. Furthermore, those Offices do not require the 
applicant to furnish a copy of the international application (Rule 49.1 (a-bis)). 

3. Enclosed with this Notice is a copy of the international application as published by the International Bureau on 
01 February 2001 (01.02.01) under No. WO 01/07373 

REMINDER REGARDING CHAPTER II (Article 31(2)(a) and Rule 54.2) 

If the applicant wishes to postpone entry into the national phase until 30 months (or later in some Offices) from the priority 
date, a demand for international preliminary examination must be filed with the competent International Preliminary 
Examining Authority before the expiration of 19 months from the priority date. 

It is the applicant's sole responsibility to monitor the 19-month time limit. 

Note that only an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter II has the 
right to file a demand for international preliminary examination. 

REMINDER REGARDING ENTRY INTO THE NATIONAL PHASE (Article 22 or 39(1)) 

If the applicant wishes to proceed with the international application in the national phase, he must, within 20 months 
or 30 months, or later in some Offices, perform the acts referred to therein before each designated or elected Office. 

For further important information on the time limits and acts to be performed for entering the national phase, see the 
Annex to Form PCT/IB/301 (Notification of Receipt of Record Copy) and Volume II of the PCT Applicant's Guide. 



The International Bureau of WIPO 


Authorized officer 






34, chemin des Colombettes 


J. Zahra 




1211 Geneva 20, Switzerland 






Facsimile No. (41-22) 740.14.35 


Telephone No. (41-22) 338.83.38 
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DESCRIPTION 
METHOD AND APPARATUS FOR MANUFACTURING 

e 

BENT GLASS SHEET 

FIELD OF THE INVENTION 

The present invention relates to a method and an apparatus for 
manufacturing curved glass sheets. More precisely, the present invention 
relates to an efficient method and an apparatus for manufacturing curved 
glass sheets that are useful for example as window glass for buildings or 
vehicles. 

BACKGROUND OF THE INVENTION 

Curved glass sheets are widely used for vehicles and buildings, and 
especially in the field of window glass for automobiles, there is a great 
demand for curved glass sheets due to design and aerodynamic 
considerations. Glass sheets that are mass-produced mainly using the 
float method primarily are formed into flat shapes. These flat glass sheets 
are formed into curved glass sheets in a secondary bending process, for 
which a number of industrial methods are known. Moreover, if the glass 
sheet is heated for the bending step, it is often quenched afterwards to 
temper it. 

Methods for bending the glass that are widely employed include 
forming the heated glass sheet by sandwiching it with a pair of press molds. 
One type of these methods that is widely employed includes horizontal 
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conveyance of the heated glass sheet to the press position with rollers for 
example, in order to avoid press marks from tongs on the surface of the glass 
sheet. As a means for horizontally conveying the glass sheet, rollers are 
common, but belts are also used. 

For example, Publication of Unexamined Japanese Patent 
Application No. Hei 3-50132 (JP-A-3-50132) discloses a method wherein a 
glass sheet is carried out of a furnace, conveyed by a belt to a pressing 
position, and press-formed together with the belt. This method takes 
advantage of the belt's flexibility to reduce the glass sheet's temperature 
decrease between heating and quenching. That is, the glass sheet is bent 
while it contacts the belt, and it is also quenched in this situation. 
Furthermore, Publication of Unexamined Japanese Patent Application No. 
Hei 6-40732 (JP-A-6-40732) proposes methods for bending and tempering 
glass sheets that are improvements of this method. 

However, regardless of the means for conveying the glass sheet, the 
glass sheet has to be temporarily stopped in the press mold during the 
forming step in these methods for bending glass sheets by press forming. 

With regard to the manufacturing efficiency of continuous 
production of curved glass sheets, methods have been proposed wherein the 
glass sheet is bent without stopping it on the manufacturing line. In some 
of these methods, the glass sheet is heated and softened inside a furnace 
while conveying it horizontally, and using the glass sheet's own weight, the 
^glass sheet is gradually adapted to the surface form of for example an airbed 
for conveying the glass sheet. These methods (sag bending) are very 
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efficient for continuous production of glass sheets having the same curved 



Publication of Unexamined Japanese Patent Application No. Hei 7-237928; 
JP-A-7-237928). 

Moreover, Publication of Unexamined Japanese Patent Application 
No. Sho 55-75930; JP-A-55-75930) discloses a method wherein a glass 
conveying passage having a curvature is set up as a continuation to the 
carry-out opening of the furnace, and the glass sheet is bent while being 
conveyed by rollers on this conveying passage. Compared to a sag bending 
method, this method has a better heating efficiency and the shape of the 
curved glass can be changed easier. 

Other methods have been proposed, wherein, while conveying the 
glass sheet with rollers, the glass sheet is bent not only in the direction in 
which it is conveyed, but also in the direction that is perpendicular to the 
conveying direction (referred to as "cross direction" in the following). 

For example, Publication of Unexamined Japanese Patent 
Application No. Hei 3-174334 (JP-A-3-174334) proposes a method, wherein 
rollers made of an elastic body are arranged above and below the glass sheet, 
and by applying a stress onto these roller pairs from the outside so as to 
bend them into a certain shape, the glass sheet also is bent in the cross 
direction. Roller pairs for bending a glass sheet in a cross direction or for 
conveying a glass sheet that has been bent in the cross direction are 



^isclosed for example in Publication of Unexamined Japanese Patent 

Application No. Sho 54-85217 (JP-A-54-85217) and No. Sho 55-75930 (JP- 



shape, and have been employed with various improvements (see for example 
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A-55-75930). 

However, when bending the glass sheet with rollers that are 
arranged on both sides of the conveying passage, pressure is exerted locally 
on the surface of the glass. Consequently, there is the problem that roller 
5 marks often appear on the surface of the glass sheet. Scratches and bumps 
on the surface of the glass sheet caused by the rollers often lead to optical 
defects, especially in the field of vehicle window glass. 

Furthermore, in continuous bending with rollers, there is the 
problem that the degree of freedom for forming the glass sheet and the 
10 precision are insufficient. When bending with rollers, the glass sheet is 
bent while it spans the rollers. Consequently, it is difficult to attain the 
desired bent shape at the front edge and the rear edge of the glass sheet 
with respect to the conveying direction. And if bending is performed with 
elastic deformation of the rollers, it is difficult to attain the desired bending 
15 shape precisely. 

SUMMARY OF THE INVENTION 

The present invention has been conceived upon consideration of 
these circumstances. It is an object of this invention to provide a method 
for bending a glass sheet while it is being conveyed, which has better 
20 manufacturing efficiency, where defects on the surface of the glass sheet do 
not occur easily, and where the degree of freedom and the precision for 
forming are improved. It is also an object of this invention to provide a 
ipanufacturing apparatus that is suitable for this manufacturing method. 

In order to achieve these objects, a method for manufacturing a bent 
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glass sheet in accordance with the present invention comprises heating a 
glass sheef in a heating furnace to a temperature where the glass sheet is 
changeable in shape, conveying the glass sheet out from the heating furnace, 
and bending the glass sheet by pressing the glass sheet against a bending 
member. The glass sheet is pressed together with at least one belt made of 
a heat-resistant material. The glass sheet is bent as the glass sheet is 
conveyed with the belt along the bending member. The bending member is 
curved at least in a direction that is perpendicular to a conveying direction 
of the glass sheet (i.e. the cross direction). 

With this manufacturing method, the glass sheet can be 
continuously bent together with the belt. Therefore, the glass sheet can be 
manufactured with better efficiency, while defects on the surface of the glass 
sheet are suppressed. Moreover, the degree of freedom and the precision 
for forming are improved. 

In order to achieve these objects, an apparatus for manufacturing a 
curved glass sheet in accordance with the present invention comprises a 
heating furnace for heating a glass sheet to a temperature where the glass 
sheet is changeable in shape, and a bending apparatus adjacent to the 
heating furnace so as to accept the glass sheet from the heating furnace and 
bend the glass sheet as conveying the glass sheet. The bending apparatus 
includes a conveying passage for the glass sheet, a bending member and at 
least one belt made of a heat-resistant material for conveying the glass sheet. 
^Fhe bending member is curved at least in a direction that is perpendicular 
to a conveying direction of the glass she t (i.e. the cross direction). At least 



WO 00/32527 



6 



PCT/JP99/06743 



a portion of the belt is arranged along the bending member. 

With this manufacturing apparatus, a curved glass sheet where 
defects on the surface of the glass sheet do not occur easily can be 
manufactured with better manufacturing efficiency, and with an improved 
degree of forming freedom and forming precision. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross-sectional view of an embodiment of a 
manufacturing apparatus according to the present invention. 

Figure 2 is a magnified cross-sectional view showing a bending 
apparatus of the manufacturing apparatus in Figure 1. 

Figure 3 is a perspective view of an embodiment of a bending 
member. 

Figure 4 shows cross-sectional views of the bending member of 
Figure 3. 

Figure 5 is a cross-sectional view of an embodiment of another 
bending member. 

Figure 6 is a cross-sectional view of an embodiment of a bending 
apparatus seen from the glass conveying direction. 

Figure 7 is a magnified cross-sectional view showing a press roller 
shown in Figure 6. 

Figure 8 is a perspective view showing the internal structure of a 
press roller according to another embodiment. 

\ Figure 9 is a cross-sectional view of an embodiment of a bending 

apparatus using the press roller shown in Figure 8. 



> 
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Figure 10 is a drawing showing a bending member and the shape of 
a glass sheet before and after the bending. 

Figure 11 is a perspective view showing the shape of a glass sheet 
that can be formed with the present invention. 

Figure 12 is a perspective view showing the shape of another glass 
sheet that can be formed with the present invention. 

Figure 13 is a cross-sectional view showing another embodiment of 
the bending apparatus. 

Figure 14 is a cross-sectional view showing yet another embodiment 
of the bending apparatus. 

Figure 15 is a cross-sectional view showing another embodiment of 
the manufacturing apparatus of the present invention. 
DETAILED DESCRIPTION OF THE INVENTION 

The following is a more detailed explanation of a preferred method 
and apparatus for manufacturing a curved glass sheet in accordance with 
the present invention. 

In the method and the apparatus of the present invention, it is 
preferable that a degree of curvature of the bending member gradually 
increases toward a downstream conveying side of the glass sheet. 

It is preferable that the bending member is also curved in the 
conveying direction of the glass sheet. It is also preferable that the 
conveying passage gradually deviates from a direction in which the glass 

i 

fheet is conveyed from the heating furnace. The glass sheet is preferably 
conveyed with the belt along the conveying passage. According to these 
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preferable configurations, a glass sheet with complex curvature that is bent 
in two directions can be manufactured with high efficiency. It is preferable 
that the glass sheet is bent so as to have a predetermined curvature with 
respect to the conveying direction. 

With regard to the cross direction of the glass sheet, the glass sheet 
can be bent into any desired shape, but it is also possible that the glass sheet 
has a certain curvature in its cross direction as well as in the conveying 
direction. In such a curved glass sheet, there are no partial changes of the 
form, and optical distortions (reflective distortions) hardly occur. 

The curved glass sheet produced by the present invention may be 
cylindrical. However, the curved glass preferably has a first curvature 
radius of 5000mm to 50000mm along a first direction and a second 
curvature radius in the range no less than 500mm but less than 5000mm 
along a second direction that is perpendicular to the first direction. 

If the glass sheet is bent so as to have a certain curvature in two 
directions, and if the curvature radius in the conveying direction of the glass 
sheet is large (slight bending) and the curvature radius in the cross direction 
of the glass sheet is small (pronounced bending), then the conveyance of the 
glass sheet becomes easy. On the other hand, if the curvature radius in the 
conveying direction of the glass sheet is small (pronounced bending) and the 
curvature radius in the cross direction of the glass sheet is large (slight 
bending), then the bending of the glass sheet becomes easy. 
V In the method of the present invention, it is preferable that the glass 

is cooled for quenching or annealing after separating from the belt. When 
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the glass sheet is quenched, a tempered curved glass sheet can be obtained. 
Moreover, 6y adjusting the quenching degree, it is also possible to obtain 
semi-tempered curved glass sheets. The apparatus of the present 
invention preferably further includes a cooling apparatus for quenching or 
annealing the glass sheet adjacent to the bending apparatus. The cooling 
apparatus preferably includes a curved conveying passage for the glass 
sheet that has a predetermined curvature with respect to the conveying 
direction of the glass sheet. 

The glass sheet is preferably bent while it is sandwiched between a 
pair of belts, because this improves the surface conditions and precision of 
the glass sheet even further. The belts are preferably arranged above and 
below the glass sheet conveying passage in the bending apparatus. 

It is also preferable that the belts are suspended so that they 
describe an endless track, a part of which comprises the conveying passage 
of the glass sheet. Furthermore, it is preferable that rollers and belt 
temperature adjusting devices are arranged along the track described by the 
belt for controlling the belt tension. It is also preferable that the endless 
track of the belt is set within the bending apparatus and is separated from 
the glass sheet cooling apparatus. 

In the apparatus of the present invention, it is preferable that the 
bending apparatus further comprises a belt-driving device for driving a belt 
together with the glass sheet. The belt-driving device conveys the glass 
i^heet, which is pressed with the belt against the bending member, with an 
appropriate speed in the downstream direction. 
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In the apparatus of the present invention, it is preferable that the 
bending apparatus is provided with pressing members for pressing the glass 
sheet to the forming surface together with the belt. For the pressing 
member, a mold member provided with a surface having the inverse shape of 
the forming face of the forming block or free rollers can be used for example. 
As free rollers, integrated rollers having rotatable flexible sleeves attached 
to rods that are curved into a certain shape, or a plurality of free rollers that 
are arranged in the cross direction of the glass sheet can be used for 
example. 

The following is a description of the preferred embodiments of the 
present invention with reference to the accompanying drawings. 
First Em bodiment 

Fig. 1 is a cross— sectional view showing an embodiment of a 
manufacturing apparatus of the present invention. As is shown in Fig. 1, 
this manufacturing apparatus comprises a furnace 1, a bending apparatus 2, 
and a quenching apparatus 3, which use a continuous common glass 
conveying passage 41. Inside the furnace 1, the glass conveying passage 41 
is substantially horizontal, inside the bending apparatus 2, it gradually 
slopes upwards and away from the horizontal direction, and inside the 
quenching apparatus 3, it describes a curve with a certain curvature radius 
R,. 

Fig. 2 is an enlarged cross— sectional view showing the bending 
apparatus 2 of the apparatus shown in Fig. 1. As shown in Fig. 2, in the 
bending apparatus, press rollers 7 are arranged below the glass conveying 
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passage 41, and a bending member (forming block) 6 is arranged above the 
glass conveying passage 41. Furthermore, the bending apparatus 2 is 
provided with a heat-resistant belt 5. A portion of the heat-resistant belt 5 
is positioned along the glass conveying passage 41, between the glass 
conveying passage 41 and the forming block 6. 

The heat— resistant belt 5 is suspended in a loop— shape by rollers 
and by the forming block, and forms an endless track. The rollers include a 
driving roller 51 and a tension roller 52. A driving device (not shown in the 
drawings) is connected to the driving roller 51. Moreover, by adjusting the 
position of the tension roller 52, the tension of the heat-resistant belt 5 can 
be adjusted to suitable conditions. Moreover, a belt temperature adjusting 
device 53 is arranged on both sides of the endless track of the heat-resistant 
belt 5. By heating or cooling with the belt temperature adjusting device 53, 
the temperature of the heat-resistant belt 5 can be kept within a range that 
is suitable for forming. 

The heat-resistant belt 5 is made of a heat— resistant fiber, such as 
for example metal fiber, inorganic fiber, carbon fiber, or aramid fiber. The 
heat-resistant material for the heat-resistant belt 5 can be obtained by 
weaving, twilling, or knitting for example. It is also possible to form heat>- 
resistant material into a felt or a web so as to obtain the heat-resistant belt 
5. It is preferable that the heat-resistant belt 5 is sufficiently wide to cover 
the glass sheet conveyed along it. 

\ As is shown in Fig. 2, a part of the surface of the forming block 6 is in 

contact with the endless track described by the heat— resistant belt 5, and a 
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part thereof faces the glass conveying passage 41. The surface of the 
forming block 6 that faces the glass conveying passage 41 functions as a 
forming surface for bending the glass sheet with pressure. As a material 
for the forming block 6, various metals and ceramics can be used. The 
5 forming block 6 can be formed in one piece as shown in Fig. 2, but it is also 
possible to form it by combination of a plurality of separate members. 

Fig. 3 is a perspective view showing the forming face 61 of the 
forming block 6 from below the conveying passage. Figs. 4 (a) - (c) are 
cross-sectional views of the forming block 6 in Fig. 3, taken along the lines 

10 A-A, B-B, and C-C, respectively. Near the line of first contact 62, where 
the glass sheet contacts the forming block 6 first, the forming face 61 is flat 
(Fig. 4(a)). Proceeding in the conveying direction of the glass conveying 
passage 41, the forming face 61 bends gradually (Fig. 4(b)). Near the line of 
last contact 63, where the glass sheet separates from the forming block 6, 

15 the forming face 61 applies to the glass sheet a predetermined curved shape 
in the cross direction of the glass sheet (Fig. 4(c)). The curved shape of the 
forming face 61 shown in Fig. 6 will be the shape that is applied to the glass 
sheet in the cross direction. This curved shape can have for example a 
predetermined curvature radius Rj, or it can be for example an arch with an 

20 eccentric vertex, as shown in Fig. 5. 

As is shown in Figs. 2 and 3, near the line of first contact, the 
forming face 61 is parallel to the direction in which the glass sheet is 
fconveyed from the furnace (horizontal direction). However, proceeding in 
the conveying direction, the forming face gradually tilts upwards from the 
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horizontal direction. Near the line of last contact, the forming face 61 has 
substantially the same curvature radius R x as the glass conveying passage 
inside the quenching apparatus. 

It is preferable that a heater is attached to the forming block 6. 
5 Thus, the forming block can be kept, like the belt, at a temperature that is 
appropriate for bending glass, and the glass sheet can be accurately formed 
from the initial stage in a continuous production. 

As is shown in Fig. 2, the press rollers 7 are arranged along the 
lower side of the conveying passage 41. The purpose of these press rollers 
10 47 is to press the glass sheet against the forming block 6, while it is 

travelling along the conveying passage 41. like the belt, the surface of the 
press rollers 47 is made of a heat-resistant material. It is preferable that a 
material such as felt is used that cushions the glass sheet. Furthermore, 
the press rollers 71, 72 etc. are non-driven rollers (free rollers) that rotate 
15 with little external force. It is of course also possible to connect the press 
rollers 7 to a driving mechanism to rotate them with the rotational velocity 
that is necessary to convey the glass sheet. 

The number of press rollers 7 can be determined in accordance with 
the desired curved shape for the glass sheet, but in general, at least two 
20 rollers are necessary. It is preferable to provide at least five rollers. 

For the rollers 71, 72 etc., a rod can be used that is made, for 
example, of an elastic body to which a supporting member for supporting the 
^lass sheet has been attached. For this supporting member, a plurality of 
disk-shaped or cylindrical flexible sleeves can be used, for example. 
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Furthermore, the rollers do not have to be formed of one body, and it is also 
possible to use a plurality of rollers across the cross direction of the glass 
sheet. 

Fig. 6 is a cross-sectional view of a bending apparatus using a 
5 plurality of rollers as press rollers 74 (see Fig. 2), taken from the furnace 
side. The press rollers 74a, 74b, 74c, etc. in Fig. 6 are attached to the ends 
of rods 75a, 75b, etc. Moreover, the rods 75a, 75b, etc. are inserted into a 
base member 79 from which they can freely ascend and descend. The rods 
75a, 75b, etc. are pushed upwards by springs 76a, 76b, etc., whose lower end 

10 is defined by the base member 79. As a result, the rollers 74a, 74b, 74c, etc. 
push the heat-resistant belt 5 (and when a glass sheet is passed along, the 
glass sheet and the heat-resistant belt) against the forming block 6. 

Fig. 7 shows a magnification of the press roller 74b. The press 
roller 74b is attached to an axis 78b that is supported rotatably by a 

15 supporting member 77b. The supporting member 77b is attached to the 
end of the rod 75b and is freely tillable in cross direction of the glass sheet. 
Thus, a plurality of free rollers 74a, 74b, 74c, etc. that are arranged in cross 
direction of the glass sheet 4 are used as members for pressing the glass 
sheet 4 together with the belt 5 against the forming block 6. If these rollers 

20 are tiltable in the cross direction of the glass sheet, and each roller is 
pressed into the direction of the forming block, then each portion of the 
surface of the glass sheet can be pressed precisely against the forming block. 
\ Figs. 8 and 9 show an example of an integrated press roller. As is 

shown in Fig. 8, this roller 65 comprises a bendable core 66 made of an 
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elastic material, rods 67 made of elastic material that are arranged around 
and along the core 66, a coil spring 68 wrapped around the core 66 and the 
rods 67, and a sleeve 69 made of a heat-resistant material that covers the 
coil spring 68. As is shown in Fig. 9, the surface of the glass sheet is 
precisely pressed against the forming block by supporting both ends of the 
roller 65 rotatably with a supporting member 64 provided with a mechanism 
to adjust the height. 

For the furnace 1, in general a conventionally used apparatus can be 
used. There is no particular limitation concerning the glass conveying 
means in the furnace 1, but rollers 11 are preferable, considering heating 
efficiency. 

In the quenching apparatus 3, the glass conveying passage is 
provided with a curvature radius Rj in conveying direction corresponding to 
the curvature radius that has been imparted on the glass sheet. Conveyor 
rollers 31 are arranged on both sides of the glass conveying passage (see Fig. 
2). For the conveyor rollers 31, rollers are used that are provided with a 
curved shape that has been applied to the glass in the cross direction. 
Nozzles (not shown in the drawing) for blowing cool air are arranged along 
the glass conveying passage 41. However, the curved glass also can be 
gradually cooled (annealed) without blowing cool air against it, while being 
conveyed along the conveying passage. Moreover, a converter for changing 
the conveying direction of the glass sheet into a certain direction (for 
example the horizontal direction) can be set up further downstream of the 
quenching apparatus 3. 
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The following is an example of a method for manufacturing a curved 
glass sheet using the above-described apparatus. A glass sheet 4 made of 
soda lime silicate glass is heated in a furnace 1 to a temperature near its 
softening point (for example to a temperature between the strain point and 
the softening point of the glass), while conveying rollers 11 inside the 
furnace 1 convey it in horizontal direction, and is released in a shapeable 
state in the horizontal direction through a carry-out opening 12 of the 
furnace 1. When the glass sheet 4 is inserted into the bending apparatus 2, 
it is sandwiched between the first press roller 71, which is located at the 
most upstream position, and the forming block 6. The roller 71 presses the 
glass sheet 4 against the forming block 6 through the belt 5. 

The belt 5, which is made for example of a belt cloth using stainless 
steel fibers, travels downstream in the glass conveying direction with a 
predetermined velocity while sliding along the forming face, guiding the 
glass sheet 4 downstream. Then, the front end of the glass sheet 4 reaches 
the second press roller 72, as is shown in Fig. 2. The travelling speed of the 
belt 5 is preferably set to a speed in the range from 80mm/sec to 400mm/sec. 
At this stage, the glass sheet 4 is still substantially flat, since no bending 
has been performed yet. 

From the situation shown in Fig. 2, the glass sheet is conveyed 
further downstream. First, the glass sheet 4 is pressed against the forming 
block 6 while the second press roller 72 slowly lifts the front end of the glass 
$heet upwards. At this position, the forming face of the forming block 
recedes slightly upwards, while the glass sheet is also bent slightly in the 
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cross direction. Thus, the bending of the glass sheet 4 begins at this stage. 

DuHng the bending, the entire upper surface of the glass sheet 4, 
which is pressed upwards by the press rollers 7, contacts the belt 5, so that 
the glass sheet 4 is conveyed while keeping a stable orientation. 

Fig. 10 shows the glass sheet before and after the bending, together 
with the forming face 61. As is shown in Fig. 10, the flat glass surface 4 
mirrors the shape of the forming face 61, so that for example a curvature 
radius of R t in the conveying direction of the glass sheet and for example a 
curvature radius of Rg in the cross direction are imparted on the curved 
glass 44. Thus, the glass sheet is bent while traveling in the glass 
conveying passage. 

Referring to Figs. 11 and 12, the following explains the shapes of the 
curved glass sheet that can be formed with the method and the apparatus of 
the present invention. Fig. 11 is a perspective view of a glass sheet that 
has been formed using the forming face 61 shown in Fig. 10. Thus, in 
accordance with the present invention, bending with a curvature in two 
directions (two-dimensional bending) can be realized. Moreover, as shown 
in Fig. 12 (and by the dashed line in Fig. 11), by not imparting a curvature in 
the conveying direction, a cylindrical glass sheet can be formed. When the 
glass sheet is formed with the present invention, a constant curvature 
radius R, in the conveying direction (longitudinal direction) is imparted on 
the glass sheet, or no curvature radius is imparted (i.e. Ro = oo in Fig. 12). 
^>n the other hand, with respect to the cross direction (lateral direction) of 
the glass sheet, a constant curvature radius R2 can be imparted, or a 
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plurality of curvature radii can be combined (as for example when forming 
with the forming block shown in Fig. 5). 

After the glass sheet has passed through the bending region and has 
been formed into a predetermined shape, it passes a slit in a partition wall 
5 32 and is conveyed into the quenching apparatus. In the quenching 

apparatus, the glass sheet 44 is tempered or semi-tempered by blowing cool 
air onto it while conveying it at a constant speed with the conveying rollers 
31. The curved glass also can be annealed without quenching. 

With this method, surface defects such as roller marks, that are 

10 difficult to avoid with conventional methods, do not occur, and a curved glass 
sheet can be continuously manufactured. Curved glass sheets with a 
curvature radius of for example 1300mm in the conveying direction and a 
curvature radius of 50000mm in the cross direction were obtained. 
Moreover, when forming a glass sheet with a forming block having a forming 

15 face that was unsymmetrical in the cross direction of the glass sheet, it was 
equally possible to manufacture a curved glass sheet efficiently without 
surface defects. 

In this method, there is no need to stop the glass sheet for forming it. 
During the bending, at least one surface of the glass sheet is retained by the 
20 belt. Consequently, a curved glass sheet with little surface defects can be 
manufactured continuously and with high efficiency. There is no particular 
limitation to the thickness of the glass sheet to be manufactured. 
^Second Kmbodiment 

Fig. 13 is a cross— sectional view showing the bending region of an 
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apparatus according to another embodiment of the present invention. 

Except for the portion pushing the glass sheet upwards, this apparatus is 

the same as the apparatus shown in Fig. 2. 

In the apparatus shown in Fig. 13, a second belt 9 is suspended by 
5 lower press rollers 8 below the glass conveying passage 41. Via the first 

belt 5 and the second belt 9, the press rollers 8 press the glass sheet 4 

against the forming block 6. 

Like the first belt 5, the second belt 9 is suspended in a loop-shape 

by rollers that include a driving roller 91 and a tension roller 92, and forms 
10 an endless track. A driving device (not shown in the drawings) is connected 

to the driving roller 91. By adjusting the position of the tension roller 92, 

the tension of the second belt 9 can be adjusted to suitable conditions. 

Moreover, a belt temperature adjusting device 93 is arranged on both sides 

of the endless track of the second belt 9. The temperature of the second 
15 belt 9 can be adjusted by heating or cooling with the temperature adjusting 

device 93. Preferable materials and manufacturing methods for the second 

belt 9 are the same as for the first belt 5. 

With the apparatus shown in Fig. 13, the glass sheet 4 can be 

conveyed while sandwiching both faces between the belts 5 and 9. Thus, 
20 the condition of the surface of the curved glass and the degree of freedom for 

shaping it can be improved even further. 

Third Embodiment 

^ Fig. 14 is a cross— sectional view showing the bending region of an 

apparatus according to another embodiment of the present invention. 
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Except for the portion pushing the glass sheet upwards, this apparatus is 
the same as the apparatus shown in Figs. 2 and 13. 

In the apparatus shown in Pig. 14, a second belt 9 is suspended by a 
forming block 10 below the glass conveying passage 41. Via the first belt 5 
5 and the second belt 9, the lower forming block 10 presses the glass sheet 4 
upwards against the forming block 6. At the same time, the upper forming 
block 6 presses the glass sheet 4 against the lower forming block 10. 
Because the forming face of the lower forming block 10 has the inverse 
shape of the forming face of the upper forming block 6, both forming faces 

10 can be fitted into each other. 

With the apparatus shown in Fig. 14, the two faces of the glass sheet 
4 are sandwiched by the belts 5 and 9, and the glass sheet is transported 
while this pressure is being exerted on it. Consequently, like in the 
apparatus shown in Fig. 13, the surface condition of the curved glass sheet 

15 can be unproved even further. 

In the apparatus in Figs. 13 and 14, which have belts arranged on 
both sides of the conveying passage, the glass can be conveyed by driving 
both belts, but it is also possible to have one belt running freely, and convey 
the glass 6heet by driving only the other belt. 

20 Fourth KmWirT^nt 

A curved glass sheet of the same shape as the one manufactured in 
the first embodiment was manufactured, exchanging conveying direction 
^nd cross direction. In other words, the curvature radius in the glass sheet 
conveying direction was set to 50000mm and in cross direction to 1300mm. 
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For the bending shape, basically the same apparatus as shown in Figs. 1 
and 2 was Used. 

However, since the curvature radius R, imparted on the glass sheet 
with respect to the conveying direction was larger, the conveying passage 41 
5 in the quenching apparatus described a smoother curve, and as a result, the 
cooled glass sheet could be retrieved at a lower position and at an angle that 
was closer to the horizontal plane than shown in Fig. 1. This facilitated 
subsequent handling. 

Thus, by setting R t > Rj, wherein R! is the curvature radius in the 
10 conveying direction and R^ is the curvature radius in the cross direction, the 
conveyance of the glass sheet in the quenching apparatus and subsequent 
handling of the glass sheet was facilitated. 
Fifth FmWK WT1 t 

Fig. 15 is a cross— sectional view showing a manufacturing apparatus 
15 according to another embodiment of the present invention. This apparatus 
can be used when the glass sheet is bent only in the cross direction. Except 
for the fact that the furnace 1, the bending apparatus 2, and the quenching 
apparatus 3 are arranged along a common conveying passage 42 that 
extends in the horizontal direction, this apparatus is basically the same as 
20 the apparatus of the first embodiment. 

However, in the bending apparatus 2, the forming block is provided 
with a forming face that curves only in the cross direction of the glass sheet, 
progressively towards the downstream conveying side. Moreover, in the 
quenching apparatus 3, conveying rollers 33 are arranged only on the lower 
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side of the glass conveying passage 42. Thus, if a glass sheet is bent into 
cylindrical shape with a curvature radius in only one direction, and if a 
curvature only in the cross direction is to be imparted, then the glass sheet 
can be conveyed in the horizontal direction. Therefore, subsequent 
handling and conveyance of the glass sheet becomes easier. With the 
apparatus shown in Fig. 15, a cylindrical glass sheet as shown in Fig. 12 can 
be formed. 

INDUSTRIAL APPLICABILITY OF THE INVENTION 

As has been detailed above, in accordance with the present invention 
a curved glass sheet with reduced surface defects such as roller marks can 
be manufactured efficiently by curving the glass sheet while conveying it 
with a belt. Moreover, in accordance with the present invention, a curved 
glass sheet can be manufactured that has a higher degree of forming 
freedom and a higher precision than the prior art. The curved glass sheets 
manufactured according to this invention are suitable as window glass for 
vehicles and buildings etc. 
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CLAIMS 

1. A method for manufacturing a bent glass sheet comprising: 
heating a glass sheet in a heating furnace to a temperature where the 

glass sheet is changeable in shape, 

conveying the glass sheet out from the heating furnace, and 
bending the glass sheet by pressing the glass sheet together with at 

least one belt made of a heat-resistant material against a bending member, 
wherein the glass sheet is bent as the glass sheet is conveyed with the 

belt along the bending member, and the bending member is curved at least 

in a direction that is perpendicular to a conveying direction of the glass 

sheet. 

2. The method according to claim 1, wherein a degree of curvature of the 
bending member gradually increases toward a downstream conveying side 
of the glass sheet. 

3. The method according to claim 1, wherein the bending member is also 
curved in the conveying direction of the glass sheet. 

4. The method according to claim 1, wherein the glass sheet is conveyed 
with the belt so that the glass sheet gradually deviates from a direction in 

i 

which the glass sheet is conveyed from the heating furnace. 



WO 00/32527 



24 



PCT/JP99/06743 



5. The method according to claims 3 or 4, wherein the glass sheet is bent 
so as to have a predetermined curvature with respect to the conveying 
direction. 

6. The method according to claim 1, further comprising cooling the glass 
sheet for quenching or annealing after separating the glass sheet from the 
belt. 

7. An apparatus for manufacturing a bent glass sheet comprising: 

a heating furnace for heating a glass sheet to a temperature where the 
glass sheet is changeable in shape, and 

a bending apparatus adjacent to the heating furnace so as to accept the 
glass sheet from the heating furnace and bend the glass sheet as conveying 
the glass sheet, the bending apparatus including a conveying passage for the 
glass sheet, 

wherein the bending apparatus further includes a bending member 
and at least one belt made of a heat-resistant material for conveying the 
glass sheet, and the bending member is curved at least in a direction that is 
perpendicular to a conveying direction of the glass sheet, and at least a 
portion of the belt is arranged along the bending member. 

8. The apparatus according to claim 7, wherein a degree of curvature of 
f he bending member gradually increases toward a downstream conveying 
side of the glass sheet. 
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9. The apparatus according to claim 7, wherein the bending member is 
also curved in the conveying direction of the glass sheet. 

r 

10. The apparatus according to claim 7, wherein the conveying passage 
gradually deviates from a direction in which the glass sheet is conveyed 
from the heating furnace. 



11. The apparatus according to claim 7, further including a cooling 
apparatus for quenching or annealing the glass sheet adjacent to the 
bending apparatus. 



12. The apparatus according to claim 11, wherein the cooling apparatus 
includes a curved conveying passage for the glass sheet that has a 
predetermined curvature with respect to the conveying direction of the glass 
sheet. 
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FIG . 3 
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FIG . 5 
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FIG . 7 
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FIG. 11 



4 




WO 00/32527 



12/15 



PCT/JP99/06743 




FIG . 12 
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